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Abstract
Purpose The aim of this study was to assess the feasibility of delivering a prospective surveillance model in the home over 
6 months for women at high risk of developing lymphoedema.
Methods A single-group, intervention study recruited 20 women who had surgical and medical treatment for confirmed 
node-positive invasive breast cancer and therefore at high risk of developing arm lymphoedema. Participants received a 
package including Bioimpedance Spectroscopy (BIS) monitoring, lymphoedema education and support to promote self-
management and physical activity.
Results Participants adhered to BIS monitoring 74% of the time, and felt extremely confident in using the device. By 
6 months, mean BIS L-Dex scores had increased from 3.5 (SD 5.6) to 8.4 (SD 11.1); five women (25%) who experi-
enced >  + 6.5 increase in L-Dex score were fitted with a compression garment. Self-reported symptoms and distress decreased 
by 0.4 out of 10 (95% CI 0.1 to 0.7); number of self-management strategies used increased by 0.6 (95% CI 0.1 to 1.2); and 
planned exercise increased by 2.8 h/week (95% CI 0.4 to 5.2).
Conclusions These findings indicate a prospective surveillance model of care in the home with BIS is feasible and associated 
with increased self-management. A Phase II randomised trial is warranted as well as research exploring the costs associated 
with implementing this model of care for high-risk individuals.

Keywords Breast cancer-related lymphoedema · Bioimpedance spectroscopy (BIS) · Home monitoring · Prospective 
surveillance model · Phase I trial · Feasibility

Introduction

Breast cancer-related lymphoedema is an important survi-
vorship issue for individuals completing treatment for breast 
cancer because it reduces quality of life [1–4] and may cause 

physical, psychological and financial impairments [1, 5–10]. 
The incidence of lymphoedema following breast cancer 
treatment varies and ranges from 4 to 47% depending on 
measurement tool used, lymphoedema diagnosis criteria, as 
well as patient and treatment-related factors [11–13].

A prospective surveillance and early intervention model 
of care has been recognised as an optimal framework for the 
early detection and management of sub-clinical lymphoe-
dema [13–15]. Using a prospective surveillance model in 
clinical practice enables the early identification and interven-
tion for lymphoedema, sometimes in a sub-clinical stage, 
where intervention can prevent progression to a chronic 
condition [16–19]. Recommended practice for the prospec-
tive surveillance model requires that individuals at risk 
of developing lymphoedema regularly attend clinics on a 
3–6 monthly cycle for 3 years as this is the most common 
timeframe for detecting sub-clinical lymphoedema [13, 16]. 
Developments in technology for monitoring lymphoedema 
allow for the identification of sub-clinical lymphoedema 
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using bioimpedance spectroscopy (BIS) [12, 20, 21] that 
utilises an “impedance ratio” to assess unilateral lymphoe-
dema of the arm [22].

The ability to provide regular feedback in real time 
has been shown to enhance the effectiveness of immedi-
ate and ongoing lymphoedema self-care [23]. Women have 
expressed that self-monitoring and management within 
the home may be beneficial during a challenging period of 
their life coping with cancer [24]. BIS technology is quick 
and easy to use, and therefore, has the potential to be used 
for ‘home monitoring’ of sub-clinical lymphoedema in the 
intervals between formal monitoring in the clinic. Up until 
now, individuals at high risk of developing lymphoedema 
have had no means by which to objectively monitor their 
symptoms, relying instead on subjective feelings of swelling, 
pain and discomfort [25, 26]. A newer, more user-friendly 
stand-on device becoming available now enables it to be 
tested within the home. It is anticipated that if individu-
als can monitor themselves at home for early changes in 
extracellular fluid, then they may be empowered to access 
earlier intervention which may improve long-term quality 
of life [24].

The primary aim of this study was to assess the feasibility 
and potential benefit of a prospective surveillance model in 
the home for 6 months for women at high risk of developing 
lymphoedema (i.e. confirmed node-positive invasive breast 
cancer after undergoing an axillary lymph node dissection 
or sentinel lymph node biopsy). While lymphoedema may 
emerge over a 3-year period, for this feasibility study we 
selected a surveillance period of 6 months because it was 
double the duration of the only previous home monitoring 
pilot study and the stand-on BIS device had not been used 
in the home [23]. The specific research questions were as 
follows:

(1) Is it feasible (in terms of recruitment, adherence, con-
fidence, usefulness, technology and measurement) to 
deliver a prospective surveillance model in the home 
for 6 months for women at risk of developing lymphoe-
dema?

(2) Does a prospective surveillance model in the home for 
6 months have the potential to decrease lymphoedema, 
symptom intensity and distress, increase lymphoedema 
self-management, and physical activity in the short-
term (3 months) and in the longer term (6 months)?

Method

Design

A Phase I, single-group, intervention study was undertaken 
(Fig. 1). Women who had undergone surgical and medical 

treatment for breast cancer and were at high risk for develop-
ing unilateral arm lymphoedema were recruited from three 
multidisciplinary breast cancer clinics within northern sub-
urbs in Sydney, Australia. Women were initially screened 
via the telephone by research assistant and eligible partici-
pants were scheduled for a baseline assessment in their home 
3 months after breast cancer surgery. Measurements were 
taken at baseline (3 months post breast surgery), 3 and 6 
months in the home by trained measurers following stand-
ardised protocols. The intervention consisting of education 
and support components of the model of care were provided 
at the conclusion of each measurement session. This study 
was approved by Macquarie University Human Research 
Ethics Committee (Reference number 5201800197) and 
the Adventist HealthCare Limited Human Research Ethics 
Committee (Reference number 2018-036).

Participants

Women who were aged between 18 and 85 years with a his-
tologically confirmed node-positive invasive breast cancer 
after undergoing an axillary lymph node dissection or senti-
nel lymph node biopsy, were able to speak and read English, 
and were capable of giving informed written consent were 
invited to participate in the study. Individuals were excluded 
if they had implantable devices, such as a pacemaker or 
other inbuilt stimulator; were pregnant; reported having 
a previous history of breast cancer or arm lymphoedema; 
had a health condition that may affect body fluid status; or 
reported having a psychiatric illness that would limit their 
compliance with study requirements.

Intervention

Participants received the prospective surveillance model of 
care in the home for 6 months. This consisted of a package 
including BIS monitoring, education and support to promote 
self-management and physical activity. The education com-
ponent focussed on risk minimisation and included provision 
of the Australian Cancer Council Understanding Lymphoe-
dema fact sheet [27]. Self-management strategies included 
skin care, exercise, self-lymphatic drainage massage, com-
pression and the use of pneumatic compression.

BIS monitoring involved the use of a BIS stand-on 
device. The stand-on device used was a commercially 
available impedance device  (SOZO®, ImpediMed Limited, 
Brisbane, Australia) with demonstrated validity and reli-
ability [28]. BIS measures the resistance at 0 kHz (R0) of 
the unaffected limb and compares this to the resistance at 
0 kHz of the affected/at-risk limb expressed as the follow-
ing ratio (unaffected:affected/at-risk). Alternatively, this 
ratio may be linearised and expressed as an L-Dex score 
with the normal range being between − 10 and + 10 [22]. A 
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change of + 6.5 L-Dex units from baseline is considered a 
trigger of sub-clinical lymphoedema [19, 29]. This device 
is portable and can be operated easily by an individual com-
pleting self-measurements within a home environment with 

access to power and a wireless internet network. The stand-
on device was set up within the home (bedroom, bathroom, 
study or living area) and training was provided on how to 
take measurements and how to record and interpret results. 

Fig. 1  Flow of participants to 
the study
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Participants were advised to take the measurement three 
times a week, in the morning after waking and voiding in 
line with the frequency used in the previous pilot study [23]. 
To facilitate understanding of their own condition, partici-
pants were asked to record their L-Dex measurement and 
relevant comments (e.g. weather changes, activity, air travel, 
changes in treatment) on the home measurement log form.

Participants were advised to contact the research team if 
their L-Dex score increased by + 6.5 points or more (defined 
as sub-clinical lymphoedema) from baseline result or if they 
had any lymphoedema-related symptoms or concerns. The 
device was controlled with an Android tablet pre-installed 
with the SOZOapp (ImpediMed Limited, Brisbane, Aus-
tralia). All user accounts, measurement data, and other 
calculated measures and trends were stored in the secure 
MySOZO cloud (ImpediMed Limited, Brisbane, Australia) 
and BIS measurements were monitored remotely by the 
research team through this secure connection. Research per-
sonnel contacted participants by telephone or email if their 
L-Dex score increased above normal or if they observed 
any clinical or technical issues relating to lymphoedema or 
the study. At any time, participants who had an increase in 
extracellular fluid or lymphoedema symptoms were referred 
to a qualified lymphoedema therapist for standard clinical 
care, and this did not affect their ability to remain on study.

Outcome measures

Feasibility

Feasibility of recruitment, intervention and measurement 
was determined by examining the eligible, enrolled and 
retained participants as a proportion of individuals diag-
nosed with breast cancer from the three multidisciplinary 
breast cancer clinics. Feasibility of the intervention was 
defined as adherence, confidence in completing the inter-
vention, usefulness of BIS home monitoring and number of 
technical issues encountered. Adherence was determined by 
recording the number of BIS measurements taken by par-
ticipants according to the three times-per-week protocol and 
expressed as a percentage. Confidence was determined by 
the Willingness and Confidence Scale (adapted from Ridner 
et al. [25])—a 10-item scale where confidence to incorpo-
rate self-monitoring into a self-management program was 
rated from 1 to 5 (strongly agree to strongly disagree) and 
reported as a score out of 50. Usefulness was determined by 
responses to questions about the advantages and disadvan-
tages of use of the device, and the likelihood of using and/or 
purchasing the device. Technical issues were determined by 
counting the number of issues encountered using the stand-
on device. Feasibility of measurement was defined as dis-
tance travelled to collect measures, duration and proportion 
of clinical outcomes completed.

Clinical outcomes

The primary clinical outcomes were (i) lymphoedema meas-
ured by BIS and reported as L-Dex scores taken from secure 
remote database and (ii) the proportion of participants whose 
L-Dex score increased by + 6.5 or more from baseline. Sec-
ondary clinical outcomes included self-reported symptoms 
and distress, number of self-management strategies used and 
amount of physical activity. Symptoms and distress were 
measured using the Lymphoedema Symptom Intensity and 
Distress Survey-Arm Version 2.0 (LSIDS-A) [30]. This stand-
ardised and validated tool assessed 30 lymphoedema-related 
symptoms over the previous week. Intensity of symptoms and 
level of distress were rated on a 5-point Likert scale. Self-
management strategies were measured as the number of strat-
egies (skin care, exercise, self-lymphatic drainage massage, 
compression, pneumatic compression pump) used over the 
previous 3 months. Physical activity was measured in terms 
of total and planned activity using the Incidental and Planned 
Exercise Questionnaire (IPEQ) [31, 32]. This standardised 
and validated tool comprises 12 questions about what physi-
cal activity and exercise has been done over the previous week 
and is reported in hours per week. The tool assesses low, basic 
and high intensity activities and was originally aimed for use 
in ageing research including fall prevention trials [32]. There 
are two levels of physical activity, planned physical activities 
that focus on planned exercise and planned walks and inci-
dental physical activities that focus on more casual day-to-day 
activities [32].

Data analysis

Feasibility and participant characteristics are presented 
as mean (SD) and number (%).  All data  were  analysed 
using  the  IBM SPSS Statistics  software package version 
26. For feasibility and clinical outcomes, either paired t-tests 
or the non-parametric equivalent Wilcoxon signed ranks test 
were used, depending on test assumptions and level of meas-
urement, to examine between-time differences, between base-
line and 3 months to evaluate engagement in home moni-
toring and self-management, and between  baseline  and 
6 months to assess implementation of home monitoring and 
self-management. The tests yielded an identical pattern of sta-
tistical significance except in one instance indicated in Table 2, 
so for ease of clinical interpretation the data are presented as 
mean differences with 95% confidence intervals.
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Results

Flow of participants through the study

Twenty women of average age 54 (SD 12) years and 
mostly married and in paid employment participated in 
the study. Most participants had undergone an axillary 
lymph node dissection (95%), completed radiotherapy and 
chemotherapy including taxane therapies (90%) and were 
at high risk for developing unilateral arm lymphoedema 
(Table 1). The flow of participants through the study is 
shown in Fig. 1. One participant withdrew before the final 
measurement.

Feasibility

Recruitment

A total of 208 women following breast cancer surgery were 
screened for eligibility between July 2018 and September 
2019. Of the 34 participants who were eligible, 20 (59%) 
enrolled in the study. They were all encouraged to par-
ticipate in the study by either their breast surgeon (35%), 
medical oncologist (35%), lymphoedema therapist (25%) or 
chemotherapy nurse (5%). One participant (5%) withdrew 
from the study just prior to the 6-month measurement due 
to COVID-19.

Adherence

Participants adhered to the BIS monitoring on average 
74% (SD 24; Range 33 to 117) of the time during the first 
3 months which is equivalent to 2.2 measures per week. 
Adherence remained stable over the second 3-month period 
with an average of 74% (SD 42; Range 8 to 194). Twenty 
percent of the participants who had no significant change in 
L-Dex scores in the initial 3-month period adhered on aver-
age 33% of the time (equivalent to less than one measure per 
week) in the second 3-month monitoring period. Likewise, 
25% of participants who had a significant increase (> + 6.5) 
in L-Dex scores increased adherence to an average of 109% 
of the time (equivalent to 3.3 measures per week) in the 
second 3-month monitoring period.

Confidence

Following education, demonstration and training of BIS at 
baseline, the mean confidence score was 48.0 out of 50 (SD 
4), (range 40.0–50.0). This indicated that they felt extremely 
confident to set up the device, take a measurement, record 
the measurement on a log sheet and contact the research 
study team as needed over the next 6 months. Confidence 
remained high at 3 and 6 months (mean 48.8, SD 3).

Usefulness of BIS monitoring

Participants reported advantages and disadvantages of using 
the stand-on BIS device for monitoring over 6 months. 
Advantages reported in a free text response included the 
ease of use in operating the stand-on BIS device and being 
able to self-measure at home; the usefulness of being able 
to self-monitor to identify trends and early identification 
of changes or problems; having “peace of mind, reassur-
ance and confidence” that they could identify sub-clinical 
changes and implement early intervention; and having the 
research support team for education, advice and assistance, 
as well as knowing that the research team were also remotely 

Table 1  Baseline characteristics of participants

RT radiotherapy, CT chemotherapy, NACT  neoadjuvant chemother-
apy, ALND axillary lymph node dissection, n number, SD standard 
deviation, kg kilograms, $AUD Australian dollars
a Specific data on radiation fields were not available from clinical files

Characteristic N = 20

Age (years), mean (SD, range) 54 (12, 35–78)
BMI (kg), mean (SD, range) 26 (5, 18–39)
Arm at risk, n right (%) 12 (60)
Hand dominance, n right (%) 18 (90)
Marital status, n married (%) 18 (90)
Highest level of education, n (%)
 < Year 10 3 (15)
 High school certificate 2 (10)
 Vocational/TAFE 3 (15)
 Undergraduate degree 6 (30)
 Postgraduate degree 6 (30)

Household income ($AUD), n (%)
 < $50,000 1 (5)
 $50,000 to $99,000 1 (5)
 $100,000 to $150,000 2 (10)
 > $150,000 6 (30)
 Prefer not to say 10 (50)

Paid Employment, n (%)
 Full-time 6 (30)
 Part-time 6 (30)
 Retired 3 (15)
 On leave (breast cancer treatment) 2 (10)
 Home duties 3 (15)

Surgery type, n mastectomy (%) 14 (70)
Node dissection, n ALND (%) 19 (95)
Medical intervention, n (%)
 RT + NACT (with taxane)a 7 (35)
 RT + NACT (without taxane)a 1(5)
 RT + CT (with taxane)a 11(55)
 RT + CT (without taxane)a 1 (5)
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monitoring the L-Dex scores to identify any changes or need 
for early intervention.

Disadvantages of using the stand-on BIS device for moni-
toring change between the 3- and 6-month measurements. At 
the 3 month measurement technical issues including WiFi 
and self-test issues were frustrating; fluctuating or increasing 
L-Dex readings with self-monitoring was concerning; the 
size of the device being positioned in a set place within the 
home was concerning and there were challenges associated 
with getting into a routine of regularly taking the measure-
ment protocol. At the 6-month assessment, the size and posi-
tioning of the device in the home was the most frustrating 
disadvantage followed by the technical issues and concerns 
regarding fluctuating readings and time taken to complete 
measurements to a lesser extent.

When participants were asked whether they would pur-
chase a stand-on BIS device for home monitoring, 75% 
agreed that they would purchase or rent a device if it was 
affordable, clinically indicated or they could receive finan-
cial support from government assistance or their private 
health insurance provider for the recommended monitoring 
period. Over 50% of the women reported that they would be 
happy to continue taking measurements three times a week 
or as recommended by their lymphoedema therapist.

Technical issues

Eighty-five percent reported a technical issue in the initial 
3 months, although the mean number of issues per partici-
pant was only 2.6 (SD 2.4). Most issues related to self-test-
ing of device, WiFi connection issues or the interpretation 
of the Cole-plots indicating that better hand/foot contact 
was needed on the electrodes to ensure a high-quality read-
ing. Further training and education to participants on the 
importance of good contact between the skin and electrodes 
reduced this error. The number of technical issues reported 
reduced significantly by two issues per participant (95% CI 
0.7 to 3.2) during the second 3 months so that by 6 months 

only 35% of participants experienced technical issues with 
the mean number of issues per participant only 0.6 (SD 0.9).

Measurement

Clinical measures were collected for all participants at base-
line and 3 months and for 19 participants at 6 months in the 
home. The mean distance travelled to collect measures was 
26 km (SD 30) and the mean time taken to complete meas-
urements and ongoing education and support components 
of the model of care was 99 min (SD 17) at baseline and 
44 min (SD 12) for other measurements. Some women had 
many questions for the research team about lymphoedema, 
the monitoring program and generally how they were coping 
physically and psychologically through their medical treat-
ment which sometimes varied or prolonged the study assess-
ment time. The symptom and distress data are incomplete 
for five participants due to an error in initial setup of the 
electronic data collection system.

Clinical outcomes

Clinical outcomes are presented in Table  2. Over the 
6-month period, from 3 to 9 months after surgery there was 
a general increase in L-Dex scores. Five women (25%) expe-
rienced increased extracellular fluid levels with an L-Dex 
score >  + 6.5 from baseline. The mean time for triggering 
the + 6.5 L-Dex increase for these five women was 36 days 
(SD 30; Range 2–67) from baseline. Women were edu-
cated to contact the research team if their L-Dex reading 
increased >  + 6.5 from baseline. When this occurred, they 
were encouraged to contact their local qualified lymphoe-
dema therapist for early intervention. This early interven-
tion was not standardised for all women depending on the 
local lymphoedema therapist they consulted. Each of the 
five women were fitted with a compression garment and pre-
scribed a self-management program. Self-reported symp-
toms and distress decreased by 0.4 out of 10.0 (95% CI 0.1 

Table 2  Mean (SD) outcomes over time and mean (95% CI) difference between times

BIS bioimpedance spectroscopy
*p < 0.05; **p < 0.04 for paired T-test but Wilcoxon signed ranks test p = 0.052

Outcome Times Difference over time

Baseline n = 20 3 months n = 20 6 months n = 19 3 months minus baseline 6 months minus baseline

Lymphoedema, BIS (L-Dex units) 3.5 (5.6) 6.0 (9.6) 8.4 (11.1) 2.5 (− 1.1 to 6.2) 4.8 (− 0.5 to 10.2)
Self-reported symptom and distress 

(0–10)
1.6 (1.2) n = 19 1.1 (0.9) n = 19 0.9 (0.8) n = 15  − 0.3 (− 0.6 to − 0.0)**  − 0.4 (− 0.7 to − 0.1)*

Self-management strategies (0–5) 1.9 (1.1) 2.1 (1.0) 2.6 (1.2) 0.3 (− 0.4 to 0.9) 0.6 (0.0 to 1.2)*
Physical activity (h/week)
 Total (incidental + planned) 36 (13) 38 (24) 33 (15) 2 (− 5 to 10)  − 3 (− 11 to 4)
 Planned 3.5 (3.2) 5.6 (7.8) 5.9 (5.1) 2.0 (− 1.5 to 5.5) 2.8 (0.4 to 5.2)*
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to 0.7) over 6 months. The number of self-management strat-
egies increased by 0.6 per participant (95% CI 0.1 to 1.2) 
over 6 months. Overall, there was no increase in total (inci-
dental + planned) physical activity but there was an increase 
of 2.8 h/week (95% CI 0.4 to 5.2) of planned exercise over 
6 months (Table 2).

Discussion

A prospective surveillance model of care delivered in the 
home consisting of BIS monitoring, education, and sup-
port to promote self-management and physical activity for 
women at high risk of developing lymphoedema appears 
to be feasible in terms of recruitment, intervention and 
measurement. Only one participant withdrew from the 
study and the remaining participants reported decreasing 
lymphoedema symptom intensity and distress, increasing 
lymphoedema self-management, and increased planned 
physical activity over 6 months. Total activity and exercise 
completed should be interpreted with caution as 35% of 
participants were completing home monitoring during the 
COVID-19 period when isolation and lock-down periods 
were implemented.

The use of home monitoring and self-management inter-
ventions are having positive impacts in several health con-
ditions [33–35]. With 59% recruitment of eligible women 
to the study, it seems that women who are at high risk for 
developing lymphoedema are also interested and committed 
to being involved in whatever they can do to reduce their 
risk. These women had been told by their multidisciplinary 
breast cancer team that they were at high risk of developing 
lymphoedema and were recommended to participate in the 
study. The concept of a home program was appealing to 
these women who reported that it “empowered them” and 
“gave them some control” as many reported feeling “out of 
control” and “overwhelmed” at the time of recruitment to 
the study. Furthermore, the 95% retention rate suggests that 
the women were engaged in the program.

Women generally adhered to BIS monitoring three times 
per week. Those who had stable L-Dex scores in the ini-
tial 3-month monitoring period decreased the frequency of 
BIS measurements during the second 3-month monitoring 
period. Likewise, those who had increasing L-Dex scores 
increased the frequency of measurements during the sec-
ond 3-month monitoring period. Participants in a qualita-
tive study exploring the concept of home monitoring using 
BIS reported that receiving objective measurements via 
BIS home monitoring may positively affect adherence to 

self-management, but that it was important to have clear 
guidelines for how to action any elevations or fluctuations in 
readings. It was agreed by participants in these focus groups 
that the frequency of home measurements should differ, with 
those at risk and/or in early stages of sub-clinical lymphoe-
dema enacting more frequent measurements than those with 
more stable and advanced clinical lymphoedema [24]. This 
may reflect the benefit of taking objective measurements to 
change behaviour and adherence to self-management [23]. 
Our findings of extremely high levels of confidence in BIS 
monitoring following appropriate training and support are in 
line with a previous pilot study [25]. Importantly, technical 
issues reduced over the 6 months. Technical issues expe-
rienced in the early stages of the study period highlighted 
the need for ongoing education and support to individuals 
to understand the specific aspects of correct setup, internet 
connectivity and reviewing of Cole-plots. This aspect of the 
measurement process has subsequently been improved by an 
enhancement to the device software with the addition of a 
traffic light colour coding system (green, amber and red) to 
assist women in only accepting good quality measurements. 
There was also a typical learning curve for the research study 
team as they became more familiar with the new technology 
over time and their problem solving skills, education and 
advice they were able to give to participants ensured more 
accurate taking of measurements.

It appears that the prospective surveillance model of 
care delivered in the home has the potential to be benefi-
cial. Ideally women would be introduced to a prospective 
surveillance model of care at the time of their breast cancer 
diagnosis within the hospital or clinic setting as routine prac-
tice and then introduced to additional home monitoring at a 
time following the initial stress of diagnosis had settled and 
they were able to take on further information. Although BIS 
L-Dex scores increased, only five participants in this group 
of high-risk women met the criteria for sub-clinical lym-
phoedema and many of these were still undergoing adjuvant 
chemotherapy or radiotherapy treatment during this time. 
Interestingly, in these participants the time to + 6.5 L-Dex 
score was quite variable (2 days to 67 days) which suggests 
adherence to home monitoring is important for timely inter-
vention. This cohort of women were 3 months post-surgery 
for breast cancer and reported low levels of symptoms caus-
ing distress. The symptoms they did report may have still 
been associated with the physical recovery of the surgery 
and associated biomechanical and musculo-skeletal issues 
[36]. The women increased the number of self-manage-
ment strategies that they implemented over the 6 months, 
with the most notable increases being in exercise and use 
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of compression. Skin care was the most utilised strategy 
with > 85% undertaking it at baseline [37–40]. Planned 
physical activity increased over 6 months to 5.9 h/week, a 
frequency that exceeded the recommended Clinical Society 
of Oncology guidelines of 2.5 h/week [41]. However, we 
do not know about the intensity of the planned exercise. 
International guidelines recommend that those diagnosed 
with cancer should progress towards and maintain participa-
tion in at least 150 min of moderate intensity or 75 min of 
vigorous-intensity aerobic exercise (e.g. walking, jogging, 
cycling, swimming) each week; and two to three resistance 
exercise (i.e. lifting weights) sessions each week involving 
moderate to vigorous-intensity exercises targeting the major 
muscle groups [41, 42].

Conclusion

This Phase I feasibility study suggests that a prospective 
surveillance model of care delivered in the home consist-
ing of BIS monitoring, education and support to promote 
self-management and physical activity for women at high 
risk of developing lymphoedema is feasible and has the 
potential to be beneficial. At a time when individuals often 
have their diaries filled with medical, allied health and treat-
ment appointments, BIS home monitoring may support and 
empower individuals to reduce unnecessary appointments 
and trips to hospitals and clinics if they know that their fluid 
levels are not fluctuating and are feeling confident in the 
prospective surveillance model at home. These findings sug-
gest that a Phase II randomised trial of longer duration given 
that these women are at high risk of developing lymphoe-
dema for up to 3 years [13, 14] is warranted. In addition, 
research exploring the variations in L-Dex readings over 
time, assessing anxiety and distress levels and costs asso-
ciated with implementing this model of care for high-risk 
individuals is necessary.
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Table 3  TIDIER checklist

TIDieR criteria Experimental intervention

Item 1: Brief name or phrase that describes the intervention Prospective surveillance model of care in the home
Item 2: Rationale, theory, or goal of the elements essential to the 

intervention
A prospective surveillance and early intervention model of care has 

been recognised as an optimal framework for the early detection and 
management of sub-clinical lymphoedema [13–15]. Using prospective 
surveillance model in clinical practice enables the early identification 
and intervention for lymphoedema, sometimes in a sub-clinical stage, 
where intervention can prevent progression to a chronic condition 
[16–19]. Recommended practice for the prospective surveillance 
model requires that individuals at risk of lymphoedema regularly 
attend clinics on a 3–6 monthly cycle according to their risk factors 
and treatment pathway for three years to have their arm monitored for 
lymphoedema by either using bioimpedance spectroscopy (BIS) or 
circumference measurements [13, 16]

This study assessed the feasibility of delivering a prospective surveil-
lance model of care in the home to participants who were aged 
between 18 and 85 years with a histologically confirmed node-positive 
invasive breast cancer after undergoing an axillary lymph node dis-
section or sentinel lymph node biopsy, were able to speak and read 
English and were capable of giving informed written consent partici-
pated in the study. They were excluded if they had implantable devices 
such as pacemaker or other inbuilt stimulator, were pregnant, reported 
having a previous history of breast cancer or arm lymphoedema, if 
they had a health condition that may affect body fluid status or if they 
reported having a psychiatric illness that would limit their compliance 
with study requirements

The intervention consisted of a package including BIS monitoring, edu-
cation, and support to promote self-management and physical activity 
over a 6-month period

Item 3: What (Materials): any physical or informational materials used 
in the intervention, including those provided to participants or used 
in intervention delivery or in training of intervention providers

BIS monitoring involved the use of a BIS stand-on device. The stand-on 
device used was a commercially available impedance device (SOZO®, 
ImpediMed Limited, Brisbane, Australia) with demonstrated validity 
and reliability [28]. This device is portable and can be operated easily 
by an individual completing self-measurements within a home envi-
ronment with access to power and a wireless internet network

Electronic scales were used so that the participant could take their 
weight prior to a BIS measurement

The education component focussed on risk minimisation and included 
provision of the Australian Cancer Council Understanding Lymphoe-
dema fact sheet [27]

Self-management strategies included skin care, exercise, self-lymphatic 
drainage massage, compression and the use of pneumatic compres-
sion. Information about these strategies was provided to participants 
by research team and included in the Australian Cancer Council 
Understanding Lymphoedema fact sheet [27]

To facilitate understanding of their own condition, participants were 
asked to record their L-Dex measurement and relevant comments (e.g. 
weather changes, activity, air travel, changes in treatment) in the home 
measurement log form
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Table 3  (continued)

TIDieR criteria Experimental intervention

Item 4: What (Procedures): the procedures, activities, and/or processes 
used in the intervention, including any enabling or support activities

Women were screened via the telephone and eligible participants were 
scheduled for a baseline assessment in their home 3 months after 
breast cancer surgery. Measurements were taken at baseline, 3 and 6 
months in the home by trained measurers following standardised pro-
tocols. Intervention was provided at the conclusion of each measure-
ment session

The stand-on BIS device was set up within the home (bedroom, 
bathroom, study or living area) and training was provided of how to 
take measurements and how to record and interpret results. Partici-
pants were advised to take the measurement three times a week, in 
the morning after waking and voiding. Participants were advised to 
contact research team if their L-Dex score increased by >  + 6.5 points 
or more (defined as sub-clinical lymphoedema) from baseline result or 
if they had any lymphoedema-related symptoms or concerns

The device is controlled with an Android tablet pre-installed with 
the SOZOapp (ImpediMed Limited, Brisbane, Australia). All user 
accounts, measurement data, and other calculated measures and trends 
were stored in the secure MySOZO cloud (ImpediMed Limited, Bris-
bane, Australia) and BIS measurements were monitored remotely by 
the research team through this secure connection

Research personnel contacted participants by telephone or email if their 
L-Dex score increased above normal or if they observed any clinical 
or technical issues relating to lymphoedema or the study. At any time, 
participants who had an increase in extracellular fluid or lymphoe-
dema symptoms were referred to a qualified lymphoedema therapist 
for standard clinical care, and this did not affect their ability to remain 
on study

Item 5: Who provided, their expertise, background and any specific 
training given

The prospective surveillance model of care in the home was delivered 
by a qualified occupational and lymphoedema therapist, registered 
with the appropriate professional body with support for data collection 
and liaison with participants by a trained research assistant

Item 6: Modes of delivery (e.g. Face-to-face or by some other mecha-
nism, such as internet or telephone) of the intervention and whether 
it was provided individually or in a group

The prospective surveillance model of care in the home was provided 
individually:

Face-to-face provision of the intervention program
Telephone calls and email communication to participants for any study 

related or technical support
Item 7: Where, the type(s) of location(s) where the intervention 

occurred, including any necessary infrastructure or relevant features
The prospective surveillance model of care was delivered in the home 

environment
The BIS stand-on device and electronic scales were loaned to the 

participant for the duration of the study and wipes for infection control 
and dampening the electrodes were supplied by study team

Item 8: When and how much. A description of the number of times the 
intervention was delivered and over what period of time including 
the number of sessions, their schedule, and their duration, intensity 
or dose

The prospective surveillance model of care was standardised to a 
6-month program. Participants were advised to take the BIS measure-
ment three times a week, in the morning after waking and voiding

Measurements were taken at baseline, 3 and 6 months in the home by 
trained measurers following standardised protocols

Item 9: Tailoring, if the intervention was planned to be personalised, 
titrated or adapted, then describe what, why, when, and how

The prospective surveillance model of care was standardised; however 
at any time, participants who had an increase in extracellular fluid or 
lymphoedema symptoms were referred to a qualified lymphoedema 
therapist for standard clinical care, and this did not affect their ability 
to remain on study

Item 10: Modifications. If the intervention was modified during the 
course of the study, describe the changes (what, why, when, and 
how)

No modifications were made to the standardised protocol after partici-
pant recruitment began. Further training and education to participants 
on the importance of good contact between the skin and electrodes 
reduced further technical errors when using the stand-on device to 
take an accurate measurement
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