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Abstract

Introduction Lymphedema is a common complication
of treatment for breast cancer. However, little infor-
mation is available describing changes in upper limb
volumes in the early stages following surgery.

Method Study design: Retrospective audit. Partici-
pants: Women who underwent unilateral mastectomy
or axillary node removal for breast cancer at the
Princess Alexandra Hospital, Brisbane, Australia.
Measurements: Circumferential measurements taken
at 10 cm intervals from the ulnar styloid on each arm
were converted to segmental volumes using the frus-
tum approach. Procedure: Pre-surgery baseline mea-
sures were taken by a physiotherapist at Preadmission
Clinic at the Princess Alexandra Hospital. Follow-up
measures were taken 6 weeks after surgery by Domi-
ciliary Allied Health Acute Care and Rehabilitation
Service physiotherapists in patients’ homes.

Results Limb segment volumes increased in the
proximal upper limb segments at follow-up. The pro-
portion of patients with a 10% or greater increase in
volume in one or more segments of their upper limb
were similar for ipsilateral (35%) and contralateral
(32%) sides (to side of surgery), respectively. No sig-
nificant interaction between time and arm (ipsilateral
versus contralateral) was identified.
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Discussion These findings demonstrate that limb
segment volume changes affect a greater proportion of
patients during the first 6 weeks following surgery than
previously recorded. They also indicate that flow of
lymph from the side of surgery to the contralateral side
may disperse lymph between sides during this early
post-operative period. This has implications for how
swelling is measured during this period and strategies
to prevent onset of lymphedema.

Keywords
Risk factors

Lymphedema - Breast cancer - Incidence -

Introduction

Breast cancer is a frequently occurring disease amongst
Australians with an annual age standardised incidence
of between 63 and 65 cases per 100,000 population [1].
As with many developed countries, the incidence of,
morbidity, and mortality caused by breast cancer in
Australia is a considerable public health concern. One
element of the morbidity associated with breast cancer
and its treatment is secondary lymphedema. Upper
limb lymphedema is a worrying complication for many
breast cancer survivors that has been associated with
lower self-reported quality-of-life scores [2], sleeping
disturbance, difficulty carrying objects and completing
daily function activities [3], and physical discomfort [4].

Lymphedema is the accumulation of lymph fluid in
the interstitial space [5]. A characteristic progression of
lymphedema has been described from swelling where
pitting occurs upon application of pressure and edema
reverses with limb elevation, to swelling that becomes
larger and harder and no longer pits under pressure, to
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swelling that worsens such that skin changes occur [6].
The aetiology of lymphedema is multifactorial, though
a “traditional” view predominates whereby damage to
the axillary lymphatic system caused by surgery and/or
radiotherapy impairs lymph drainage from the arm.
However, far more tissue damage is necessary to pro-
duce experimental lymphedema than is ever created
from breast cancer treatments [7], indicating that other
factors are required to generate lymphedema second-
ary to breast cancer. Such factors might include an
increase in lymph production brought about by sur-
gery, inflammation or infection, capillary angiogenesis
increasing the surface area for increased net filtration
rate, thus increasing filtration load [7] and further
blockage of lymph nodes and vessels by metastatic
disease.

Reported incidence rates of lymphedema secondary
to breast cancer have varied greatly. Even within the
same patient sample, incidence rates varied between
0.6% and 27.8% depending on the method used to
measure lymphedema [8]. A trend has also been
identified across studies that those with longer follow-
up also report higher incidence rates [9]. Factors
associated with development of lymphedema second-
ary to breast cancer have included removal of axillary
nodes [10] or surgery to the axilla [11], axillary radio-
therapy [11, 12], treatment on the dominant side [8],
having blood pressure taken on the dominant side [8],
previous radiation therapy [13], skin puncture, mas-
tectomy, body mass index >26 [12, 14] and many more.

A majority of these and similar studies have em-
ployed follow-up periods of greater than 12 months
duration [9]. In contrast, relatively little has been pre-
sented of changes in limb volumes in the period
immediately following surgery, and following from this
relatively little is known of the characteristics, swelling
pattern and factors associated with changes during
early stages. Echoing the need to address this deficit
has been recent calls for greater investigation of
lymphedema secondary to breast cancer in its early
stages [7]. One study reported that approximately 3%
of women could be classified as having secondary
lymphedema within the first 2 months following sur-
gery while undertaking a study of longer follow-up
duration [14], though the pattern of changes at this
time and factors associated with these were not de-
scribed.

This study aims to address the relative paucity of
information available describing early changes in up-
per limb volumes that may be attributable to lymphe-
dema shortly following surgery for breast cancer.
Specifically this study aims (i) to investigate the chan-
ges in upper limb volumes that occur during the first
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6 weeks in both ipsilateral (to the side of surgery) and
contralateral upper limbs, (ii) to compare changes in
volume between different segments of each upper
limb, (iii) to document the incidence of lymphedema
amongst women with breast cancer in the first 6 weeks
following diagnosis/surgery, and (iv) to identify factors
associated with development of lymphedema at this
time.

Methods

Study design
Retrospective audit.
Subjects and setting

Consecutive women undergoing unilateral surgery for
breast cancer (mastectomy and/or axillary lymph node
removal) at the Princess Alexandra Hospital between
2002 and 2005 who had pre-surgical and 6 week post-
surgical measurements taken. This hospital provides
health services primarily to people residing in the
southern areas of Brisbane, Australia. Records missing
measurements for the contralateral limb or for one
segment of either limb were included. Women who
initially had lumpectomy only, and subsequently had
mastectomy and/or axillary lymph node removal were
also included (the baseline and follow-up measures in
this case were relative to the mastectomy/axillary
lymph node dissection). The records of 193 women
met the inclusion criteria and were included in the
analysis.

Measurements

Circumferential upper limb measurements were taken
with the arm abducted at 30° from the level of the
ulnar styloid, then 10, 20, 30, and 40 cm proximal to
this point along both the affected (side of surgery/
treatment) and unaffected side. Calculation of limb
segment volumes was undertaken using a ““frustum”
(truncated cone) approach [15]. Use of circumferential
measures to estimate upper limb segment volumes in
this manner has previously been employed [16]. Frus-
tum calculations of limb segment volumes using cir-
cumferential measurement of segments 3, 6, and 9 cm
apart have all been reported to have an intra- and in-
ter-rater reliability of ICC = 0.99, while the standard
error of measurement for this approach was lower than
for cylindrical calculation and volumetry measurement
approaches [15]. Measurements of the hand were not
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converted to volumes and included in this analysis due
to the irregular shape of the hand making calculation
of volumes from circumferential measurements invalid.

Surgical (type of surgery performed, number of
lymph nodes removed, side of surgery, post-operative
development of seroma, or infection) and demographic
factors (age, previous mastectomy) were gleaned from
patient medical records.

Criteria for defining lymphedema

Direct measurement of the presence and severity of
lymphedema is difficult, and many variations in clas-
sifying the presence of lymphedema have been
described, including comparisons between pre- and
post-surgery measurements within the ipsilateral arm,
and comparing measurements between ipsilateral and
contralateral arms [8, 14, 16, 17]. Intuitively, compari-
sons within the affected arm over time may overstate
the incidence of lymphedema if concomitant intra-
cellular fluid volume increases have occurred (e.g. due
to an increase in adipose tissue). However, compari-
sons between affected and unaffected arms may be
confounded by pre-existing asymmetries between arms
that are not related to lymphedema. These compari-
sons will also be insensitive to increases in extracellular
lymph fluid that are distributed across both upper limbs
due to anatomical anastomoses in the superficial lym-
phatic system allowing communication of lymph be-
tween ‘‘quadrants” of the body [18]. Although lymph
only occasionally drains from the breast region to the
contralateral axilla, its incidence may be increased if
there is blockage of ipsilateral lymphatics [19]. There-
fore, examining changes in volume of both ipsilateral
and contralateral sides was considered important in
this investigation and a criterion of 10% increase from
pre-surgical volumes within arm was used to address
study aims (iii) and (iv) [20].

Procedure

Baseline measures were taken by the radiation-oncol-
ogy physiotherapist at preadmission clinic appoint-
ments at the Princess Alexandra Hospital prior to
surgery. Follow-up measures were taken 6 weeks fol-
lowing surgery by the Domiciliary Allied Health Acute
Care and Rehabilitation Service (DAART) physio-
therapists visiting patients at this time. Baseline, fol-
low-up and demographic data were entered onto a
database by an investigator (PS) following their col-
lection. When undertaking circumferential measure-
ments, patients rested with their shoulder in 30° of
abduction and elbow resting in 20° of flexion.

During the follow-up period, patients were provided
with a list of self-management strategies designed to
reduce their risk of developing secondary lymphe-
dema. This primarily consisted of advice regarding
completion of circulatory exercises in the upper limb,
advice to reduce swelling, protecting the skin from
cuts, burns and other potential sources of infection,
avoidance of having injections on the operated side,
and avoidance of having blood pressure taken on the
operated side.

Analysis

Upper limb segments were labelled from one to four in
a distal to proximal direction. Changes in volumes were
compared between arms, over time, and between the
four upper limb segments measured using a three-way,
repeated measures analysis of variance (ANOVA)
with the variables arm (ipsilateral versus contralateral),
segment (four levels) and time (baseline and 6 week
follow-up) as factors in the analysis. Post-hoc two-way
repeated measures ANOVA tests were used to further
investigate interaction effects identified. The correla-
tion in volume changes between limb segment volumes
was analysed using product-moment correlation coef-
ficients. The incidence of lymphedema (10% volume
increase from baseline) was identified by examining
both the sum of segments, and any one segment within
the ipsilateral and contralateral arms, and bilaterally.
Factors associated with a 10% increase from pre-sur-
gical volumes for each of these were identified using
univariate logistic regression. Analyses were conducted
using STATA SE version 8.0.

Ethics

Approval for this study was gained from the Princess
Alexandra Hospital Human Research Ethics Com-
mittee.

Results

Baseline characteristics of the 193 women who had
their histories reviewed are presented (Table 1). The
predominant surgical procedure undertaken was that
of lymph node removal.

Output from the three-way, repeated measures
analysis of variance incorporating time (baseline versus
6 week follow-up), arm (affected versus unaffected),
and limb segment predictor variables and volume (the
outcome variable) is presented (Table 2). This analysis
demonstrated significant main effects of time and
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Table 1 Participant baseline characteristics

n 193

Age (years) 58.7 (12.5)
Previous mastectomy 18 (9%)
Mastectomy 73 (37.8%)
Lumpectomy 127 (65.8%)
>1 Lymph nodes removed (yes or no) 172 (89.1%)
Lymph nodes removed (count) 14.1 (9.3)
Dominant side right 163 (84.5%)
Surgery on dominant side 103 (53.4%)
Infection during 6-week-period 14 (7.3%)
Seroma during 6-week-period 5 (2.6%)

Data presented are mean (standard deviation) or frequency
(percentage)

segment, and a significant interaction effect of
time*segment. These effects are presented graphically
(Fig. 1). The interaction effects of arm*segment and
arm*segment*time approached but did not reach sta-
tistical significance (P = 0.07 and P = 0.12, respec-
tively). Post-hoc analyses were conducted to further
investigate the time*segment interaction. Four two-
way repeated measures ANOVA analyses (time and
arm variables in model) were conducted, each
employing data from only one limb segment. Results
from these analyses identified no main effect of time
within the first and second limb segments, but a sig-
nificant main effect of time was identified for the third

(P < 0.001) and fourth (P = 0.002) limb segments. All
ANOVA results were consistent across standard and
Box’s conservative correction factor -calculations.
These results indicate that limb segment volumes in-
creased over the first 6 weeks post surgery, particularly
so in the more proximal segments.

The correlation between changes (follow-up minus
baseline) in limb segment volumes in ipsilateral and
contralateral arms is presented (Table 3). Correlations
between adjacent segments on the same arm were
greater than those between non-adjacent segments and
between the same segment on opposing arms.

The number (proportion) of patients demonstrating
a 10% increase in volume for individual limb segments,
for the sum of all four segments, and for any one seg-
ment is presented (Table 4). Also presented are the
number (proportion) of participants who demonstrated
a 10% increase in limb volumes bilaterally. The fourth
(most proximal) limb segment recorded the greatest
number of patients with a 10% increase in segment
volume on the affected arm, unaffected arm, and
bilaterally.

Associations between baseline variables and a 10%
increase in the sum of all four segments and for any
one segment for the ipsilateral and contralateral arms,
and bilaterally are presented (Table 5). Previous mas-

Table 2 Output of three-way, repeated measures analysis of variance incorporating time, arm and limb segment as predictor variables
and volume as the outcome variable

Source Partial SS df MS F Prob > F
Model 152548789 2886 52858.2083

id 47960935.6 192 249796.54 2491 0.0000
Time 63420.5217 1 63420.5217 6.32 0.0127
Time*id 1925381.17 192 10028.0269

Arm 1801.11336 1 1801.11336 0.32 0.5719
Arm*id 1061884.61 189 5618.43711

Segment 82473124.2 3 27491041.4 1211.98 0.0000
Segment*id 13042555.1 575 22682.7046

Time*arm 684.081006 1 684.081006 0.22 0.6361
Time*arm*id 453455.8 149 3043.32752

Time*segment 67962.3128 3 22654.1043 15.96 0.0000
Time*segment*id 813225.948 573 1419.24249

Arm*segment 5601.5021 3 1867.16737 2.40 0.0668
Arm*segment*id 438407.288 564 777.317887

Arm*segment*time 2192.68262 3 730.894207 1.96 0.1194
Arm*segment*time*id 163052.236 437 373.117244

Residual 0 0

Total 152548789 2886 52858.2083

Error terms for each main effect and interaction effect were the interactions between patient id and the main effect or interaction

effect

Between-subjects error term: id

Levels: 193 (192 df)

Lowest b.s.e. variable: id

Number of obs = 2887; Root MSE = 0

R-squared = 1.0000
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Fig. 1 Graph demonstrating main effects of segment and time,
and time*segment interaction effect

tectomy was significantly associated with increased
volume on the ipsilateral side (both sum and any one
segment), the total number of lymph nodes removed
was significantly associated with increased volume
bilaterally (sum only), and infection during the 6-week-
period was significantly associated with increased vol-
ume on the unaffected limb (any one segment).

Discussion

This study has made several findings, which may im-
pact upon our understanding of early lymphedema and
the mechanisms of lymphedema development. It is
apparent that a moderate proportion of patients have
10% changes or more in their limb segment volumes
over the first 6 weeks following surgery. A previous
lymphedema incidence estimate of 3% in the first
2 months post surgery [14] provides a stark contrast to
the 35% of patients who had a 10% volume change in
one or more of their upper limb segment volumes on
their ipsilateral side identified in the present study.

Table 4 Proportion of patients demonstrating a 10% increase in
volume for individual limb segments and for the sum of all four
segments, by individual arms and for both limbs at the same time

n Frequency
(proportion) with 10%
volume increase

Ipsilateral arm

Segment 1 (US to 10 cm) 192 27 (14%)
Segment 2 (10-20 cm) 193 19 (9%)
Segment 3 (20-30 cm) 193 33 (17%)
Segment 4 (3040 cm) 188 47 (25%)
Sum all 4 segments 187 29 (16%)
Any one segment 193 68 (35%)
Contralateral arm

Segment 1 (US to 10 cm) 150 24 (16%)
Segment 2 (10-20 cm) 150 16 (11%)
Segment 3 (20-30 cm) 150 23 (15%)
Segment 4 (3040 cm) 142 31 (22%)
Sum all 4 segments 142 14 (10%)
Any one segment 150 48 (32%)
Bilateral

Segment 1 (US to 10 cm) 149 11 (7%)
Segment 2 (10-20 cm) 150 6 (4%)
Segment 3 (20-30 cm) 150 14 (9%)
Segment 4 (3040 cm) 141 22 (16%)
Sum all 4 segments 140 10 (7%)
Any one segment 150 31 (21%)

Although patient characteristics between these studies
were similar, the criteria for defining lymphedema
were not consistent with the earlier study adopting an
adjusted volume difference approach (between ipsi-
lateral and contralateral arms) or clinical diagnosis by
health professional as their criterion for classifying
patients as having lymphedema [14]. Arguably, the
criterion used in the present study may have had a
lower threshold than that in the earlier study. How-
ever, previous research has also indicated that
approximately 25% of patients who do not have a
>10% increase in volume still experience subjective

Table 3 Pairwise product-moment correlations in volume change (from baseline) between limb segments both within and between

arms
Ipsilateral Contralateral
Seg 1 Seg 2 Seg 3 Seg 4 Seg 1 Seg 2 Seg 3 Seg 4

Ipsilateral

Seg 1 1.000

Seg 2 0.887 1.000

Seg 3 0.494 0.743 1.000

Seg 4 0.490 0.613 0.785 1.000

Contralateral

Seg 1 0.440 0.409 0.369 0.530 1.000

Seg 2 0.382 0.418 0.438 0.521 0.888 1.000

Seg 3 0.216 0.355 0.548 0.564 0.668 0.841 1.000

Seg 4 0.260 0.409 0.639 0.641 0.480 0.637 0.870 1.000
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artefact of employing the frustum approach to calcu-
lating segmental volumes in that adjacent segments
held in common one of the circumferential measures
involved in their calculation. It may be that some
segments (particularly the proximal segments) are
more prone to pooling of lymph fluid during early
stages than distal segments. Why this may be the case is
unclear, as anatomically there is greater muscle tissue
to aid movement of lymph through initial lymphatic
vessels in these upper-limb segments than in the more
distal segments [7]. Possibly, there is an increased
volume of lymph produced during this period which is
transported towards the axillary nodes, resulting in
excess accumulating near the axilla.

The association between infection and a 10% in-
crease in any one limb segment on the contralateral
side without evidence of a similar association with the
ipsilateral side was a surprising finding. Possibly,
knowledge of the presence of the infection may have
prompted the patient to undertake self-management
strategies such as circulatory exercises to manage
anticipated lymphedema on the ipsilateral side only.

There are several limitations of the study design
employed. First, the sample was restricted to a group of
patients attending only one hospital. Characteristics
particular to the sampled population and the treating
hospital may limit the external validity of these results,
though the authors have no reason to suspect systematic
differences between this population and populations
from other developed nations, nor the care provided by
this hospital and hospitals in other developed countries.
Second comparing volumes based on circumferential
measures only provides an indirect measure of lymph-
edema. Changes in circumferential measures could also
be attributable to changes in muscle tissue, adipose
tissue, and non-lymph fluid volumes. These factors
confound how strongly increases observed in limb seg-
ment volumes can be directly attributed to lymphedema.
Third, hand volumes were not considered in this inves-
tigation. Considering the poor correlation between
changes in volumes of non-adjacent segments observed
in this study, it would be inappropriate to extrapolate
findings from this study to the hand.

As this is one of a very small number of trials to
investigate early lymphedema following breast cancer
surgery and that the results have been generated from
only one hospital, future research is required to deter-
mine if these results are consistent with those from
patients of other hospitals. Research is required to
determine whether the changes demonstrated during
this early post-operative period resolve with time, and
whether they are predictive of developing established
lymphedema. Further investigation of contralateral

lymph flow during this time should also be investigated,
particularly from the perspective of whether this flow
pathway can be exploited for the prevention and
management of established lymphedema.

Lymphedema continues to be a concerning compli-
cation for women following surgery or radiation ther-
apy for breast cancer. Understanding fully the
mechanisms for the development of established
lymphedema cannot be achieved through this study
with only one snap-shot follow-up. However, this study
has highlighted a potentially greater role of contralat-
eral flow of lymph during this time which is important
when considering how to measure lymphedema and
may be important for the development of future
strategies to prevent its onset.
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