
854 Cancer  March 15, 2019

Original Article

Early Surveillance Is Associated With Less Incidence and 
Severity of Breast Cancer-Related Lymphedema Compared With 

a Traditional Referral Model of Care
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BACKGROUND: Bioimpedance spectroscopy (BIS) has enabled the early identification of breast cancer-related lymphedema. In this 

study, differences in health service metrics and in the incidence of breast cancer-related lymphedema are evaluated in an early sur-

veillance model of care compared with a traditional referral model of care. METHODS: In a retrospective analysis of data from 753 

women who underwent BIS measures between January 1, 2007 and December 31, 2016, 188 women were assigned to the “early 

surveillance” group if they began lymphedema monitoring presurgery (n = 121) or within 90 days postsurgery (n = 67), and 285 

women were assigned to the “traditional referral” group if they began monitoring after 90 days postsurgery. Health service metrics 

were calculated as the time to the first BIS measure after 90 days postsurgery, the median follow-up, and the number of health care 

visits. Lymphedema was diagnosed based on BIS measures. RESULTS: Women in the early surveillance group received lymphedema 

care significantly earlier than those in the traditional referral group. However, there was no difference in the number of visits per year 

to the clinic between groups. Significantly more women in the traditional referral group were diagnosed with clinical lymphedema 

(stage I-III, 39 % vs 14%; P < .001) and with greater severity (stage II-III, 24%) compared with those in the early surveillance group 

(4%). CONCLUSIONS: The current findings support the adoption of an early prospective surveillance model of care using BIS for the 

early detection and management of breast cancer-related lymphedema. Cancer 2019;125:854-862. © 2018 The Authors. Cancer 

published by Wiley Periodicals, Inc. on behalf of American Cancer Society. This is an open access article under the terms of the 

Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided 

the original work is properly cited and is not used for commercial purposes. 
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INTRODUCTION
It is estimated that breast cancer-related lymphedema (BCRL) affects 21% of patients who have breast cancer1 and re-
sults in substantial physical,2,3 functional,2-4 psychosocial,5-8 and financial9,10 burden. Clinical guidelines and position 
statements from the United States, the United Kingdom, and Australia11-14 advise that there is a need to develop early 
detection and intervention programs.15-17

A prospective surveillance model of care for women with breast cancer involves education, support, empowerment, 
monitoring, and management of the physical and psychological side effects of treatment. Because up to 80% of patients 
with breast cancer will attain full life expectancy, chronic treatment-related morbidity should be minimized.18 Stout and 
colleagues proposed a prospective surveillance model of care for breast cancer rehabilitation that includes lymphedema 
surveillance and early intervention.18

A systematic review by Shah and colleagues16 indicated that newer diagnostic modalities like bioimpedance spec-
troscopy (BIS) have increased sensitivity, which allows for the earlier detection of BCRL.19,20 It has been reported 
that the detection of subclinical lymphedema through surveillance and early intervention reduces progression to clin-
ical lymphedema.15,17 For example, Soran and colleagues17 monitored 180 women who were at high risk of lymph-
edema using regular BIS, and those who were diagnosed with subclinical BCRL underwent short-term physical therapy, 
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education, and were prescribed compression sleeves. In 
that study, subclinical BCRL occurred in 33% of patients 
but progressed to clinical BCRL in only 4%.

Unlike other methods of clinical lymphedema as-
sessment using volumetric measures, such as water dis-
placement, perometry, or limb circumference, BIS is 
capable of detecting subclinical lymphedema.21 BIS 
directly measures the extracellular fluid that is charac-
teristic of early lymphedema.17,21-26 When fluid accu-
mulates and remains in the affected limb, inflammatory 
and hemodynamic changes increase in severity,27 and 
early intervention may prevent or delay progression. 
Indeed, Whitworth and colleagues28,29 observed that, 
of 93 high-risk patients who underwent axillary lymph 
node dissection and were managed with prospective sur-
veillance, only 3% required additional therapies or had 
evidence of chronic BCRL over a median 2 years of fol-
low-up. Similarly, Kilgore and colleagues30 reported that 
only 6% of 146 patients developed chronic lymphedema 
after early intervention, supporting the observations of 
Whitworth and colleagues.

With the introduction of BIS in Australia in the 
early 2000s, our private lymphedema clinic adopted a 
prospective surveillance model of care and has collected 
data for over a decade. Therefore, we are well situated to 
retrospectively examine the difference between an “early 
surveillance” versus “traditional referral-based” model of 
care in BCRL management. All women received BIS as-
sessment from the time of their initial consultation. This 
study did not test the efficacy of whether early surveil-
lance prevents the development of lymphedema; rather, 
we were interested in exploring the differences between 
the 2 models of care over time in relation to the following 
metrics:

1. The difference in time to first measure of lymph-
edema beyond 90 days postsurgery and duration 
of follow-up;

2. The difference in health system use;
3. Differences in the incidence of and severity of 

lymphedema for those diagnosed with lymphedema; 
and

4. Difference in the evolution of BIS measurement over 
time for those diagnosed with lymphedema.

These 4 metrics were chosen because they are most 
relevant to health system use and severity of disease. We 
wanted to ascertain whether there was a difference in 
care use and the incidence and severity of lymphedema 
for the 2 models of care. We hypothesized that early 

surveillance would result in both less incidence and less 
severity of lymphedema. Differences between the models 
of care are important not only from a research perspective 
but also from a clinical and health services standpoint.

MATERIALS AND METHODS

Design
For this retrospective cohort study, we used prospec-
tively collected data from 753 women who attended 
our clinic between January 1, 2007 and December 31, 
2016. Baseline data were sourced from electronic medi-
cal records and self-report. The Macquarie University 
Human Research Ethics Committee provided ethical 
approval (reference no. 5201500844). This study is re-
ported according to the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
checklist.31

Participants
Patients were included if they were women, aged ≥18 
years, diagnosed with unilateral breast cancer, and had 
undergone BIS. Exclusions included neoadjuvant chemo-
therapy, bilateral lymph node surgery, metastatic breast 
cancer or recurrent disease, and contraindications for BIS 
measurement (ie, pregnancy, pacemaker or electronic im-
plantable device). Records were screened by 2 research 
assistants to determine eligibility.

We defined the early surveillance group as women 
who were assessed before their surgery for breast can-
cer or soon after (within 90 days) and were routinely 
referred from a multidisciplinary breast cancer team. 
The traditional referral group was defined as women 
who were assessed more than 90 days postsurgery, who 
typically were referred from external health centers. 
Women in both groups received lymphedema educa-
tion and monitoring using BIS, clinical management 
of potential breast cancer complications (eg, scarring, 
cording, or swelling), as well as exercises and psycho-
social support.

Outcome Measures

Timing of BIS measure, follow-up duration, and 
health system use

We recorded the time of the first BIS measure from 90 
days postsurgery in days to ascertain differences between 
the groups in the timing of access to health care as well 
as the median follow-up duration, defined as the period 
between the first and last BIS measurements. We also 
calculated the total number of visits per year to ascertain 
health care utilization.
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Incidence and severity of lymphedema

BIS measurements were taken in a supine position using 
the ImpediMed L-Dex® U400 device (ImpediMed, 
Brisbane, Australia). Lymphedema was diagnosed if BIS 
measures had increased by >10 L-Dex units from a wom-
an’s presurgical baseline or had exceeded the normative 
value of +10 L-Dex units or were maintained below these 
levels only by ongoing compression therapy. International 
Society of Lymphology stage (from 0 to III) at diagno-
sis was recorded.32 Transient swelling within 90 days of 
surgery or within 270 days of commencing taxane-based 
chemotherapy was not defined as lymphedema.

Progression of BIS values over time

Repeated measures, mixed-effects models were created 
to evaluate progression in BIS values over time among 
women who were diagnosed with lymphedema for the 
2 groups up to 5 years from surgery. Random intercepts 
were applied at the subject level, and random slopes 
with unstructured covariance matrices were used to 
consider the correlated results of repeated-measure 
data. Only women who had 2 or more BIS measures 
were included.

Data Analysis
Descriptive statistics were used to describe the baseline 
characteristics of the sample by treatment group, with 
2-sample t tests and chi-square tests used to investigate 
significant differences. Nonparametric, Wilcoxon rank-
sum tests were carried out on ordinal and continuous 
variables because of the non-normal distribution of the 
data overall and within study groups. Stata software (ver-
sion 14; StataCorp LLC, College Station, TX) was used 
for all statistical analyses.

RESULTS

Characteristics of Participants
Eligible women (n = 473) were categorized into 2 groups. 
The early surveillance group (n = 188) was made up of 
those whose surveillance and intervention commenced 
presurgery (n = 121) or within 90 days postsurgery (n = 
67) and continued for at least 90 days thereafter (Fig. 1). 
The traditional referral group included 285 participants. 
The cohort’s baseline demographic and intervention 
characteristics are summarized in Table 1.

Time to First Measure of Lymphedema Beyond 
90 Days Postsurgery
The first BIS measurement (from 90 days postsurgery) 
was taken significantly sooner for the early surveillance 

group compared with the traditional referral group 
(Wilcoxon P < .001). The median first BIS measurement 
(90 days postsurgery) in the early surveillance group was 
obtained approximately 3 months postsurgery (Table 2). 
This was 1.8 years sooner than that reported in the tradi-
tional referral group.

Follow-Up Duration
Given the difference in the time to first BIS measure, the 
follow-up duration was significantly longer for the early 
surveillance group than for the traditional referral group 
(8 vs 2 months). Therefore, most women who received 
early surveillance completed intervention before most 
women in the traditional referral group sought treat-
ment. Irrespective of group, women who were diagnosed 
with lymphedema had a longer median follow-up than 
those without lymphedema (Table 2).

Health System Use
For those who attended surveillance for over 6 months 
(n = 216), the median number of health visits per year 
for both groups was 4 visits, which was not significantly 
different (Table 2).

Severity of Lymphedema at 
Diagnosis of Lymphedema
More women in the traditional referral group (39%) 
were diagnosed with clinical lymphedema (stage I, II or 
III) compared with those in the early surveillance group 
(14%; P < .001) (Table 3). In addition, more women in 
the early surveillance group (10%) were diagnosed with 
subclinical (stage 0) lymphedema compared with those 
in the traditional referral group (1%), and more women 
in the traditional referral group (24%) had moderate-to-
severe lymphedema (stage II or III) compared with those 
in the early surveillance group (4%) (Table 3).

Progression of Lymphedema Over Time
Among women who were diagnosed with lymphedema, 
the repeated-measures model was used to predict a mean 
BIS of 16.1 L-Dex units (95% confidence interval [CI], 
11.5-20.8 L-Dex units) at 90 days postsurgery for the 
early surveillance group versus 18.3 L-Dex units (95% CI, 
13.2-23.4 L-Dex units) for the traditional referral group 
(Fig. 2). There was some evidence to suggest an increase in 
L-Dex scores over time for the traditional referral group, 
with an average increase of 2.3 L-Dex units per year (95% 
CI, −0.2 to 4.8 L-Dex units per year), which approached 
statistical significance (P = .067) (Table 4). In contrast, 
the early surveillance group had an average increase of 
only 1.6 L-Dex units per year (95% CI, −1.0 to 4.1 L-Dex 
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units per year) that was not significant (P = .232). The 
difference in slope between the early surveillance and tra-
ditional referral groups was not significant (P = .666).

DISCUSSION
The current results indicate that women who under-
went early surveillance received lymphedema care 
almost 2 years earlier than women in the traditional 
referral group without any difference in number of vis-
its to the lymphedema clinic. The early surveillance 
group had a significantly lower incidence of clinical 
lymphedema than the traditional referral group, and 
those who were diagnosed had significantly less severe 
lymphedema. For women who were diagnosed with 

lymphedema, BIS scores increased slowly over time, but 
the rate of increase was less for patients who underwent 
early surveillance.

Women undergoing early surveillance were moni-
tored for lymphedema at a much earlier time after surgery 
than those in the traditional referral group. Before pro-
spective early surveillance was practiced, the traditional 
referral model of care relied on a clinically apparent, 
visible limb swelling, for which the patient would seek 
care. This approach often resulted in missed or delayed 
diagnoses and a protracted time line for intervention.33 
Ramos and colleagues34 reported that a greater volume in 
the arm required more intensive, complex decongestive 
treatment to achieve better outcomes. They advised early 
referral for lymphedema treatment in an era when BIS 

Figure 1. The study design and the flow of participants through the study are illustrated. BIS indicates bioimpedance 
spectroscopy; LE, lymphedema.
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Post-surgical BIS measurement (< 90 days) 

(n = 146)

Traditional Referral (n = 317)

Post-surgical BIS measurement (> 90 days) 

Excluded (n = 248) 

No BIS measurement > 90 days (n = 227)

Bilateral (n = 6)

Neoadjuvant chemo (n =11)

Other (n = 4)

Excluded (n = 32) 

Past LE diagnosis (n = 31)

No BIS measurement data (n=1)

Screened using BIS (n = 753)

Defined by time from surgery to first BIS 
measurement

         Analysed
n = 188 n = 285



Original Article

858 Cancer  March 15, 2019

was not routinely used for the early detection of subclin-
ical lymphedema.

The evidence supports using BIS to diagnose sub-
clinical lymphedema to allow early intervention. For 
example, Soran and colleagues17 detected subclinical 
lymphedema in 33% of participants who were regularly 

monitored using BIS. These individuals were provided 
with intervention, including physical therapy, com-
pression garments, and education, and the authors ob-
served that only 4% progressed to clinical lymphedema. 
Similarly, Whitworth and colleagues28,29 also reported 
regular BIS monitoring and early intervention and 

TABLE 1. Baseline Characteristics of Participants

Characteristic

No. of Participants (%)

PaAll, n = 473
Early Surveillance Group,  

n = 188
Traditional Referral Group,  

n = 285

Age: Mean ± SD, y 55 ± 11 54 ± 12 56 ± 11 <.05
Arm at risk

Right 216 (46) 84 (45) 132 (46) .621
Left 257 (54) 103 (55) 154 (54)

Sentinel lymph nodes dissectedb

No 217 (46) 55 (29) 162 (57) <.001
Yes 256 (54) 133 (71) 123 (43)

Axillary lymph nodes dissectedb

No 173 (37) 68 (36) 105 (37) .799
Yes 301 (64) 121 (64) 180 (63)

Medical intervention n = 186 n = 94
Nil adjuvant 31 (11) 19 (10) 12 (13) <.001
RT onlyc 47 (17) 34 (18) 13 (14)
CT only, without taxane 16 (6) 11 (6) 5 (5)
CT only, with taxane 25 (9) 22 (12) 3 (3)
RT + CT, without taxanec 161 (58) 100 (53) 61 (65)
RT + CT, with taxanec 95 (34) 73 (39) 21 (22)

Abbreviations: CT, chemotherapy; RT, radiotherapy.
aP values were determined with 2-sample t test or a chi-square test.
bValues for this characteristic were based on those who had a date of procedure recorded; it was assumed that all those without a date did not undergo 
dissection.
cSpecific data on radiation fields were not available from therapy clinical files.

TABLE 2. Time to First Bioimpedance Spectroscopy Measure and Health System Use

Outcome

Median (IQR)

PaEarly Surveillance Group, n = 188 Traditional Referral Group, n = 285

Time to first BIS measurement, y 0.34 (0.28-0.51) 2.15 (0.97-5.41) <.001
Follow-up duration, y 0.74 (0.12-2.17) 0.17 (0.0-1.5) <.001

n = 108 n = 108
Health system use: No. of visits/yb 4.1 (2.9-6.0) 3.9 (2.5-5.9) .238

Abbreviations: BIS, bioimpedance spectroscopy; IQR, interquartile range.
aP values were determined with a nonparametric Wilcoxon rank-sum test.
bHealth system use was measured only among 108 women in each group who attended clinic for ≥6 months.

TABLE 3. Lymphedema Stage at Diagnosis by Patient Group

Outcome

No. of Women (%)

PaEarly Surveillance Group, n = 188 Traditional Referral Group, n = 285

Stage of lymphedema
No lymphedema 142 (76) 173 (61) <.001
Stage 0 19 (10) 3 (1)
Stage I 19 (10) 43 (15)
Stage II 8 (4) 53 (19)
Stage III 0 (0) 13 (5)

aP values were determined with a nonparametric Wilcoxon rank-sum test.
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observed that only 3% of 93 patients progressed from sub-
clinical to clinical lymphedema. Iyigun and colleagues35 
reported that the detection of subclinical lymphedema 
in 22% of their cohort led to only 14% progressing to 
clinical lymphedema; and Kilgore and colleagues30 also 
observed that only 6% of 146 high-risk patients devel-
oped persistent BCRL after early intervention. In our 
study, we noted that 10% of women who were diagnosed 
with lymphedema in the early surveillance group were 

diagnosed with subclinical lymphedema (stage 0) com-
pared with only 1% of those in the traditional referral 
group, allowing for a greater proportion of women in the 
early surveillance group to access early intervention to 
prevent progression to clinical lymphedema.

We observed that the incidence of clinical lymph-
edema (stage I-III) differed significantly between the 2 
groups (39% vs 14% in the traditional referral and early 
surveillance groups, respectively). Our traditional refer-
ral group incidence was similar to that reported by Soran 
and colleagues,17 who observed that 36% of women in a 
control group were diagnosed with clinical lymphedema. 
Yang and colleagues also compared a surveillance group 
with a historical control group and reported a 5-year cu-
mulative incidence of lymphedema at any stage of 32% 
in the surveillance group compared with 46% in the 
historical control group.38 In the current study, fewer 
women in the early surveillance group were diagnosed 
with moderate or severe lymphedema (stage II-III, 4% vs 
24%) compared with women in the traditional referral 
group.

In terms of health care use, there was no signifi-
cant difference in the number of visits per year to the 
lymphedema clinic between groups. Although there 
were no fewer clinic visits in the early surveillance 
group, the actual cost of their intervention may have 
been lower than that for the traditional referral group. 

Figure 2. The predicted progression of the L-Dex score is illustrated among patients who had lymphedema along with model 
parameters. BIS indicates bioimpedance spectroscopy.
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TABLE 4. Predicted Progression of L-Dex Score in 
Patients With Lymphedema along with model 
parameter

Model Output
L-Dex Score 
Estimate SE 95% CI Pa

Predicted mean at 90 
days postsurgery
Early surveillance 

intercept
16.1 2.4 11.5-20.8 <.000

Traditional referral 
intercept

18.3 2.6 13.2-23.4 <.000

Progression over time
Early surveillance 

slope
1.6 1.3 −1.0-4.1 .232

Traditional referral 
slope

2.3 1.3 −0.2-4.8 .067

Difference between 
slopes: Interaction

0.8 1.8 −2.8-4.4 .666

Abbreviations: CI, confidence interval; SE, standard error.
aP values were tested if the estimate differed statistically from zero.
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Although no data were collected specifically on the 
time and cost of clinic visits for women attending the 
clinic for each group, generally, women without a diag-
nosis of lymphedema were attending for education and 
monitoring and were scheduled for the less expensive 
30-minute (AUD$110), versus 60-minute (AUD$150), 
consultation sessions for the treatment of diagnosed 
lymphedema. Women with BCRL required more in-
tensive lymphatic drainage massage and compression 
therapy, which included more costly consumable prod-
ucts, such as bandages, pneumatic compression pumps, 
custom-made garments, and possible costs of antibiotics 
and inpatient hospital care for those requiring intrave-
nous antibiotics for cellulitis. We previously examined 
the financial cost of BCRL and observed that 80% of 
women in the study reported that having lymphedema 
affected them financially with significant out-of-pocket 
expenses, which increased with lymphedema severity.10 
Shih and colleagues36 demonstrated that women with 
BCRL had a greater risk of infections and incurred sig-
nificantly higher medical costs for their lymphedema 
care compared with women not diagnosed with clinical 
lymphedema and recommended reduction and preven-
tion strategies, supporting an early surveillance model 
of care. Furthermore, Stout and colleagues18 compared 
a prospective surveillance model with a traditional 
model of impairment-based care and examined direct 
treatment costs associated with each program. Those 
authors estimated that the cost of a prospective surveil-
lance model of care for BCRL per patient per year was 
a significant 20% of the cost of managing lymphedema 
using the traditional referral-based model.

There are strengths and limitations of this study. 
The main strength is the volume of data available for 
analysis collected in the same clinic using the same 
method over a decade of practice. The data were re-
corded routinely as part of normal practice by 1 therapist. 
Women in the early surveillance group were receiving 
this package of lymphedema care even before adoption 
of the Australasian Lymphology Association’s statement 
advocating regular monitoring for the early detection 
of BCRL. Second, the number of women and baseline 
characteristics for both groups were very similar, and 
these women were at greater risk for developing clinical 
lymphedema.

In terms of limitations, the 2 groups were not ran-
domly assigned. Although both groups were similar, 
the number of women who never developed lymph-
edema is likely under-represented in the traditional 
referral group because, historically, they only sought 

treatment when they had developed a clinical symp-
tom or need. Although a larger proportion of women 
in the early surveillance group had been prescribed tax-
ane-based chemotherapy, this group had a lower inci-
dence of clinical lymphedema at diagnosis compared 
with the traditional referral group.

It is accurate that there was no statistically signif-
icant difference in progression between the 2 groups; 
however, the slopes of disease progression differed over 
time. Herein, we reiterate an important section from 
our results in relation to the progression of BIS mea-
surement. There was some evidence to suggest that, 
among women in the traditional referral group, there 
was an increase in L-Dex scores over time of up to 2.3 
L-Dex units per year, on average, that approached sta-
tistical significance (P = .067) (Table 4). In contrast, 
in the early surveillance group, the average increase 
was only 1.6 L-Dex units per year (P = .232). Although 
there was not a statistically significant difference in the 
slopes between the 2 groups, the 5-year progression is 
noteworthy and reflects a clinically important effect. 
For instance, the traditional referral group gets more 
severe lymphedema sooner and increases the risk of un-
intended health outcomes like cellulitis. In contrast, the 
early surveillance group does progress, but more slowly. 
We note that the population estimates from our study 
sample are conservative and could be affected in part by 
sample size (Fig. 2, Table 4), resulting in larger expected 
confidence intervals.

Furthermore, no data are available for women who 
discontinued visits to the lymphedema clinic in either 
group. Women may have discontinued visits for a variety 
of reasons, including positive health outcomes, a low risk 
of developing lymphedema, and costs.

The prevention of progression from subclinical to 
clinical lymphedema remains important for breast cancer 
survivors. Although our study supports early surveillance 
and intervention using BIS, recent literature suggests that 
earlier detection may be even more beneficial using a lower 
threshold of a 6.5 rather than a 10 L-Dex–unit change for 
the detection of subclinical lymphedema.28,37,39

Current practice in Australia requires that “at-
risk” women regularly attend clinics to be monitored 
for lymphedema. Typically, this occurs on a 3-month 
to 6-month cycle, depending on the individuals’ risk of 
lymphedema. It is proposed that future research could 
explore the concept of “home monitoring” using BIS 
with education and support for the woman to be able to 
receive immediate and more frequent feedback and po-
tentially earlier intervention, if required.
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CONCLUSIONS
Scholars and guidelines11-14 have advocated for the 
routine implementation of early lymphedema surveil-
lance and intervention after breast cancer treatment. 
Regular clinic visits to monitor extracellular f luid 
present an opportunity for therapists to provide risk-
management education, psychological support, physi-
cal rehabilitation, empowerment, and survivorship 
care. The findings from the current study support the 
use of BIS as part of an early prospective surveillance 
model of care that results in significantly earlier detec-
tion of lymphedema over time. Furthermore, the ear-
lier detection of lymphedema will lead to lower health 
care costs if it results in the effective management of 
symptoms and prevents progression to severe clinical 
lymphedema.
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