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Abstract

Purpose—Chronic lymphedema following breast cancer (BC) affects individuals physically, 

functionally, psychologically and financially. Despite national guidelines and evidence-based 

research supporting a prospective surveillance and early intervention model of care (PSM), 

bridging the gap between research and clinical practice has been difficult.

Method—As part of an international randomised controlled trial (RCT) , Australian women with 

BC from four hospitals were recruited, monitored for lymphedema at regular intervals over a 

3-year period, and were provided a compression garment if intervention was triggered. The Reach, 
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Effectiveness, Adoption, Implementation and Maintenance (RE-AIM) evaluation framework was 

used retrospectively to assess a PSM at the individual and organizational level for those who had 

completed at least two-year follow-up (N=219) in the RCT

Results—The application of the RE-AIM framework retrospectively demonstrated an extensive 

Reach to patients across public and private settings; the Effectiveness of prospective surveillance 

and early intervention was achieved through low progression rates to clinical lymphedema (1.8%); 

and all hospital sites initially approached Adopted the research study. Key Implementation 

strategies necessary for effectiveness of this model of care included education to health 

professionals and patients, staff acceptability, and development of a referral and care pathway. 

Maintenance dimensions were evaluated both at the individual level with 92-100% adherence rates 

for all non-optional study appointments over the 2-year period, and at the organisational-level 

PSM was sustained after recruitment ceased for the research study.

Conclusion—The PSM for lymphedema in BC can be successfully implemented using the 

RE-AIM framework applied retrospectively. The implementation of the PSM used in the RCT has 

assisted in changing clinical practices and improving the quality and effectiveness of the health 

care system.
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INTRODUCTION

Australian breast cancer (BC) survival rates have steadily increased; however long-lasting 

side effects from treatment occur [1,2]. Breast cancer-related lymphedema (BCRL) affects 

an estimated 21% of patients [3] and their quality of life, and brings physical, functional, 

psychological and economic hardships [3-5]. The burden of BCRL is directly related 

to lymphedema severity, demonstrating a need for a prospective surveillance and early 

intervention model of care (PSM) [6].

Poor awareness of lymphedema symptoms usually results in treatment referral delays. 

Often, referral only occurs in the advanced non-reversible stages of lymphedema, 

resulting in managing and controlling symptoms rather than preventing further progression. 

Furthermore, lymphedema is often managed external to BC multidisciplinary clinics, 

resulting in time consuming medical referrals and delayed care [7].

Though evidence-based research shows that early identification and intervention is 

key [3,8-10], bridging the gap between research and clinical practice in health care 

systems internationally has been difficult. In Australia, a limited number of hospitals 

and multidisciplinary teams (MDT) use evidence-based practices to support the PSM. 

Implementation and dissemination of monitoring BC patients pre- and post-operatively is 

currently not standard practice.

There are several perceived barriers to implementing a PSM in BC. Lymphedema is often 

not regarded as important within the context of BC care and lack of MDT awareness of the 
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benefits of early detection of sub-clinical lymphedema. Implementation is further limited by 

resource availability and infrastructure needs, access to equipment, staff training and time 

constraints, clinical protocols and referral pathways for ongoing clinical care.

Understanding the process of translating effective interventions into standard care practice is 

important for improving uptake and sustainability. Implementation science aims to facilitate 

the translation of clinically efficacious interventions into practice. RE-AIM is a widely used 

framework in implementation science [11-13] to evaluate implementation effectiveness and 

acknowledges the importance of other factors that influence the value of an intervention 

in real-world settings [14]. The RE-AIM framework consists of five dimensions: Reach, 

Effectiveness, Adoption, Implementation and Maintenance [11,12].

The aim of this study was to retrospectively examine the translational potential of a PSM 

in BC into the real-world setting through the application of the RE-AIM framework. This 

study used data and processes evaluated in an existing international randomized controlled 

research study (RCT) [15] as the influencing factor determining the integration of a PSM 

within the Australian health care system.

METHODS

Study Design and Sample

This was a retrospective analysis of data and processes from an ongoing multi-site, 

international RCT [15] with Human Research Ethics Committee (HREC) approval. Four 

Australian hospitals consisting of one public (government funded) (IW), and three private 

hospitals (private health insurance funded) (IM, IN and IS) were included and evaluated as 

part of the RCT [15].

Newly diagnosed women with BC (N= 1201) who met inclusion criteria [15] were enrolled 

in the RCT and randomized post-operatively to prospective surveillance at regular intervals 

via Bioimpedance Spectroscopy (BIS) or tape measure (TM) [16]. Patients underwent 

lymphedema prevention intervention when sub-clinical lymphedema (change of ≥6.5 L-Dex 

units, or ≥5% but <10% volume difference using TM) was identified with a compression 

sleeve and gauntlet worn for 4 weeks and then re-evaluated. The primary endpoint of the 

RCT was the rate of progression to clinical lymphedema requiring complex decongestive 

physiotherapy (CDP), with progression defined as a TM volume change in the at-risk arm ≥ 

10% above the presurgical baseline. [15]. An interim analysis from the RCT included data 

from 508 participants who had completed 12-months of post-surgical follow up. This study 

includes the Australian site participants (N=219) evaluated in the interim analysis who have 

now completed at least 24-months of post-surgical follow-up.

The Australian Healthcare System

Government (Medicare) insurance is accessible to all Australians, covering patients for 

treatment within the public health care hospital system. At times, this brings about 

large delays in lymphedema treatment. Patients can also pay for additional private health 

insurance, giving them access both to public and private hospitals. However, there can be 

large out of pocket expenses for a patient choosing to be treated privately.
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Data collection

Data from the RCT [15] was analysed retrospectively to inform each RE-AIM dimension. 

Demographic information, physical measures informing lymphedema progression rates and 

assessment attendance helped inform RE-AIM dimensions. Discussions about the perceived 

efficacy of a PSM supported by the RCT, occurred between research personnel, MDT 

members, and organisational leaders throughout the study. Existing processes determined the 

most efficient way to introduce a large study with multiple measurements using TM and/or 

BIS without significantly affecting clinical flows or increasing patient or clinician delays.

Measures

Table 1 provides a description of the retrospective data collected from the RCT to assess the 

PSM and shows the use of these data to address each of the each RE-AIM dimensions

REACH—Reach reflects the absolute number and representativeness of the population of 

BC patients who could be involved in the PSM and RCT. Data collected included assessing 

the inclusion and exclusion criteria of the RCT to determine participation rates, dropouts and 

overall representativeness. Awareness strategies of lymphedema monitoring and treatment 

pre-study implementation were assessed through discussions with MDT members primarily 

BC surgeons, breast care nurses and lymphedema therapists.

EFFECTIVENESS—Effectiveness of the PSM refers to the number of women who 

progressed to clinical lymphedema despite regular monitoring and early intervention in 

the RCT. The proportion of assessments completed or missed across the 24-month period 

determined the rationale for the effectiveness of implementing a PSM.

ADOPTION—The characteristics of clinics and hospitals that were initially approached 

and participated in the RCT were compared with those who declined participation. 

Representativeness of both public and private health care systems were determined through 

assessing adoption strategies of where the RCT protocol was implemented. Standard 

protocols and procedures for early monitoring and intervention for lymphedema were 

assessed pre- and post-study integration. Figures 1 & 2 show the changes in PSM pre- 

and post-integration of the RCT.

IMPLEMENTATION—Implementation refers to the extent to which the PSM were 

delivered and integrated through the RCT protocols, including whether it was accepted and 

endorsed by the MDT and whether or not the team could adhere to continue monitoring 

for lymphedema once the RCT finished recruitment. Evaluating the implementation of the 

PSM using the RCT within already established clinical settings was a key component to the 

overall implementation assessment.

MAINTENANCE—Maintenance refers to the integration of a PSM through the 

implementation of the RCT protocols within public and private health care systems and 

the sustainability of these models over time. The early indicators of sustainability within 

clinical settings were determined using retention rates of recruited participants within the 
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first year in the RCT. Maintenance was measured as the ongoing execution of a PSM versus 

return to the pre-existing models of care across the four sites.

RESULTS

REACH

The PSM in BC was demonstrated through the RCT’s extensive reach to both privately 

insured (n=130) and government-funded patients (n=89). The public hospital (IW) had 

a delay in commencing study recruitment due to slower ethics approval processes. As 

the public hospital comprises a large catchment area, patients occasionally declined 

participation in the RCT as a result of having their BC adjuvant treatment at a hospital 

closer to their home. However, individuals were similar across sites based on demographic 

descriptors.

EFFECTIVENESS

Support for a PSM was seen with 25% of the 219 patients (n=55) triggering early 

intervention of compression therapy and only 1.8% progressing to clinical lymphedema 

(n=4). This could be attributed to ongoing patient education, self-awareness and self-

monitoring of symptoms. MDT members and organisation leaders reported an overall 

positive perception on the efficacy of early intervention following BC treatment. Hospitals 

without routine pre-operative baseline BIS or TM saw the RCT as providing an ongoing 

PSM otherwise not offered to patients at their site. These clinicians typically knew the 

importance of prospective surveillance and early intervention however did not have the 

resources to offer this service. The intervention component of the RCT, providing two 

free arm-sleeves and gauntlets to patients who triggered, was a major contributor to the 

effectiveness of study implementation across the sites. The RCT also collected self-reported 

information from validated symptom and quality of life surveys. Study research personnel 

often found parallels between the objective measurements with survey responses.

ADOPTION

Factors to successful adoption of the PSM at all sites included administrative and clinical 

support staff who had an awareness of lymphedema and the perceived benefits of a PSM. 

Concerns such as room availability and usage, specifically in the public sector, were 

addressed early on by explaining study protocols and assessment requirements for the RCT 

with organizational leaders prior to study implementation. Research personnel presented 

the study protocol to MDT prior to initial recruitment to highlight the importance of pre-

operative and post-operative measurements. This facilitated the early adoption of a PSM by 

all major hospitals initially contacted to participate in the RCT.

Adoption was enhanced through education of all MDT members and health managers 

across sites. Medical professionals especially advocated for study involvement at recruitment 

sites where TM and BIS measurements were not routinely completed. At these sites, 

MDT members educated patients about the importance of early monitoring for long-term 

outcomes. Patients’ willingness to consent after recommendations by medical professionals 

suggests the important role of information provided by treating physicians. Educating key 
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personnel either individually or in teams is essential in overcoming barriers to implementing 

a PSM. Working with medical, nursing, allied health and administrative staff helped to 

facilitate recruitment and retention once the RCT was implemented. Coordinating study 

follow-up assessments to coincide with existing medical appointments made adoption of 

the PSM easier, as well as MDT members continually supporting and encouraging ongoing 

patient involvement.

IMPLEMENTATION

Implementation strategies adopted to support the PSM included education and training of 

clinical staff through regular presentations to MDT, scheduling of assessments including 

space requirements, as well as monitoring of study recruitment and referral flow. Ongoing 

education on the RCT protocol and latest evidence supporting a PSM was a key factor 

during implementation. In the public hospital, some patients were initially screened 

eligible, and baseline assessments were completed prior to MDT meetings. Eligibility 

criteria discussions with nursing staff ensured that potentially ineligible patients were not 

approached by research personnel until final treatment decisions were made. In the private 

hospitals, patients were screened by doctors, occupational therapists and nurses and often 

were already aware and interested in the study and eligible to participate.

The main concern across all recruitment sites was to alleviate issues surrounding disruption 

to clinic flow. Thus, during the RCT implementation, efforts focused on securing time and 

space for follow-up study assessments with minimal disruption. Research staff worked with 

administrative staff to facilitate room bookings outside of busy clinic schedules, during 

MDT meetings, or in other free clinic spaces within the hospital. The increased positive 

working relationships between team members facilitated the PSM implementation. In the 

public hospital where routine pre-operative measurements were done, implementation was 

facilitated by working with staff to input BIS study measures into the electronic medical 

records, or reducing the burden and time to take both measurements (TM and BIS). Positive 

relationships between research and clinical personnel facilitated communication of any 

ongoing concerns during the RCT implementation to enhance the PSM.

Buy-in from staff and MDTs were improved due to the ability of research personnel to 

see patients across the four study locations. For example, if a patient recruited to the RCT 

at one site worked closer to another study site, the patient was able to have follow-up 

assessments completed at the local site. Research personnel worked with patients to see 

them either prior to or after hospital appointments in busy clinics, allowing enough time for 

study assessments, which could take 15 minutes up to 1 hour to complete. Because BIS and 

TM were used in the RCT, staff from a variety of research backgrounds, were trained in both 

methods. Training for BIS took <30 minutes, training for TM took over an hour in addition 

to the time training on the protocol itself. This demonstrates a cost of implementation and 

a potential barrier to implementation. Despite these obstacles, the RCT demonstrated that 

thorough assessment as well as survey questionnaires while limiting disruption to normal 

clinic flow was possible. Routine integration of BIS and TM within clinical practice is 

possible by using patient reported outcomes presented in real-time to support patient care 

delivery as well as encouraging and empowering patients to become active participants in 
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their care. Well-established referral pathways to lymphedema services allows patients to 

become active participants in the PSM.

MAINTENANCE

As part of the PSM assessments for the RCT protocol, were classified as non-optional 

(baseline, 3, 6, 12, 18, 24, 30 and 36-month) and optional (15- and 21-month) assessments. 

All optional visits could be missed without consequence to study involvement; however, 

patients who missed two consecutive non-optional visits were removed from the study. 

When possible, a window period allowed timing of assessments to coincide with clinical 

appointments. When accounting for study patients who were eligible to attend their 

assessments (i.e. were still enrolled in the study), across all four sites a 92%-100% 

attendance rate was seen for all non-optional study visits over the 3-year period (Table 

2). This included patients who requested to not attend a study assessment for reasons 

including travel, work and family commitments. When examining 15-month and 21-month 

optional visits, where patients could elect to miss, patients were still motivated to attend 

(range, 41.3%-77.1%). Furthermore, no statistical difference was seen between public and 

private attendance rates. With research being voluntary and through a structured PSM such 

as the RCT, these results demonstrate patients taking ownership of their care. Once RCT 

recruitment ceased, a PSM was sustained at the two recruitment sites where a PSM were not 

part of routine clinical care (IM and IS).

DISCUSSION

A PSM in BC has been supported by international clinical and governance evidence. The 

retrospective evaluation of the RCT using the RE-AIM framework has shown that a PSM 

can be integrated and implemented effectively into routine clinical practice within the 

public and private sectors of the Australian Healthcare system. Although some BC studies 

have used the RE-AIM framework to investigate exercise or education-related interventions 

prospectively with recommendations made for individuals and organisations [17,13,18-20], 

this study is the first to use the RE-AIM framework in the context of BCRL and models of 

care.

REACH

The RE-AIM framework demonstrated, when compared to other studies, an extensive reach 

to patients across public and private settings through recruitment rates to the international 

RCT. For example, Pullen et al examined physical activity in BC survivors and demonstrated 

being able to reach only 2% of the number of BC survivors compared with the number of 

BC survivors living in the local region. Recruitment strategies and eligibility criteria in order 

to be able to statistically analyse groups of participants resulted in some challenge. Other 

recruitment challenges for the Pullen et al study was limited by the need for self-referral 

to participate in the study. Possible reasons for the lack of women to self-refer included 

lack of self-confidence about body image issues for women completing cancer treatment, 

the lack of social support, and the need to return to work or living a distance from where 

the program was carried out suggesting that physical presence by research personnel within 
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local multidisciplinary cancer centres could increase study reach greater than recruitment 

flyers requiring participants to initiate initial study contact.

EFFECTIVENESS

Effectiveness of a PSM was evidenced by low progression rates to clinical lymphedema 

(1.8%) in the RCT. This finding aligns with previous clinical papers indicating that PSM 

can reduce progression to clinical lymphedema in patients with BC [15,12,3]. Moreover, 

a retrospective study examining 111 BC lymphedema patients demonstrated that early 

identification of lymphoedema and routine follow-up resulted in the maintenance of low 

edema levels for at least ten years[21]. Patients in the study were provided education, 

compression therapy, and recommended regular biannual visits at time of lymphedema 

diagnosis. [21]. The importance of early identification and management is supported 

in research by Casley-Smith who showed that in cases where early identification and 

management were not implemented, arm volume and thus lymphedema severity continually 

increased by 22% to 77% two- to eight-years post-diagnosis respectively[22].

ADOPTION

All hospital sites approached for participation in the PSM adopted the international RCT and 

subsequently implemented the PSM following ceasing of recruitment to the study.

IMPLEMENTATION

Key strategies used for effectiveness of the PSM included education of health professionals 

and patients, staff buy-in and acceptability, and development of a referral and clinical care 

pathway that is supported by adequate resources and expertise to sustain the PSM . These 

implementation strategies align with previous reports of implementation strategies that may 

enhance implementation [23] and studies of the effective implementation of models of care 

[24]. Adherence to the latest research [15,9,3] and key position statements from Australian 

and US peak professional associations and government agencies [25-27] is recommended. 

Specifically, individuals at risk of lymphedema due to lymph node involvement or treatment 

should receive education and baseline measurements to monitor for normal limb variance 

and regular monitoring that could enhance the adoption and implementation of a PSM.

Important implementation considerations.—There are important considerations 

when implementing a lymphedema PSM program. These include: a) decisions surrounding 

who should be responsible for patient monitoring; b) timeliness and follow-up of 

monitoring; c) method of measurement (BIS or TM); d) what to do when sub-clinical 

lymphedema becomes evident; e) data storage and ownership; and e) who should provide 

patient education and early intervention [4,28]. Frequency of lymphedema monitoring 

guidelines along with standardised diagnostic criteria cut-off points, as adopted by this 

study’s protocol, helped to overcome previous barriers to implementing PSM of care 

as standard clinical practice[29]. Adoption could be facilitated by training any health 

professional to take routine measurements and fit compression garments during patient 

monitoring visits, as was done in this study. Where BIS devices are accessible, BIS 

measurements, which can be performed by administrative staff, might be preferable in busy 
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clinics. Moreover, with an agreed clinical pathway and appropriate referral pathways in 

place, suitable follow-up care can occur.

Because of the RCT implementation, changes in referral flow within two of the four 

hospitals were made (Figure 2). Patients were referred to a lymphedema trained therapist 

pre-implementation of the RCT only if symptoms were reported. Following the RCT 

implementation, and as a result of continually educating surgeons and allied health 

professionals within the four sites, practice changes implementing a PSM were made to 

ensure patients were being monitored for sub-clinical lymphedema from time of diagnosis.

MAINTENANCE

Dimensions were evaluated both at the individual level with 92-100% adherence rates for 

all non-optional study appointments over the 2-year period, and at the organisational-level 

where PSM was sustained after recruitment ceased for the RCT. The high adherence rate 

of this study (92-100% for non-optional visits) is different to other studies who have 

found lower adherence rates to interventions such as physical activity in BC patients 

and sustainment of physical activity following study completion [13]. A national report 

published by Breast Cancer Network Australia in 2018 identified lymphedema as one of the 

top five issues of concern and priority for women following BC treatment [30]. Therefore, 

reasons for high adherence to follow-up study assessment visits may be due to: 1) ease 

of visits, 2) desire to identify early onset lymphedema, and 3) reduction of psychological 

distress regarding potential development of lymphedema. Patients also reported feeling 

empowered by participating in the RCT. They were pleased to know that they were 

being monitored for lymphedema and were often disappointed when the three-year study 

monitoring period ended. Others may have adhered to the RCT as they were aware that if 

they triggered early intervention whilst on the study that they were provided with two free 

compression arm-sleeves and gauntlets.

Study limitations

As women are more likely to be diagnosed with BC than men, and though not excluded, 

the RCT has little male representation. Additional research is needed to better understand 

whether a PSM can be expanded into the male population and other cancer groups. 

As a result of BIS sensitivity not being established in the presence of certain other 

medical conditions, the research study had strict exclusion criteria for patients with 

medical conditions that were known to cause swelling. With patients having neo-adjuvant 

chemotherapy and patients with bilateral metal in their hips, knees or ankles being excluded 

at one-point in the study, the overall reach for a PSM may be larger than that of the RCT. 

Most women declining the study because they felt overwhelmed at the time of diagnosis. 

However, implementing early monitoring as part of routine clinical care with fewer follow-

up visits, particularly for lower risk patients, could potentially overcome this.

Sustainability issues which need to be overcome for successful implementation include out 

of pocket expenses in the private sector for lymphedema services and lack of resources 

and time delays for treatment in the public sector. Educating healthcare systems around 

the greater costs that advanced BCRL has at both the individual and organisational level 
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compared with early BCRL can provide support for a PSM[31]. Furthermore, training 

administrative and allied health staff to conduct BIS measurements, a quick, reliable and 

objective measure that both clinicians and patients can use to monitor ongoing care can 

contribute to the sustainability of a PSM. Resourcing of staff and having monitoring clinical 

pathways in place with emphasis on what occurs when a trigger for early intervention 

occurs is an important consideration and should be undertaken in the MDT setting. Health 

insurance rebates or Medicare funding would further allow the rapid update of a PSM of 

care modelled on this RCT into real-world settings.

Conclusion

Using the RE-AIM framework as a guide, the PSM for lymphedema in BC can be 

successfully implemented in both public and private multidisciplinary breast cancer centres. 

The implementation of the PSM used in the RCT has assisted in changing clinical practices 

and improving the quality and effectiveness of the health care system.
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FIG. 1. 
Model of care prior to parent research study implementation
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FIG. 2. 
Model of care post parent research study implementation
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TABLE 1

RE-AIM framework

RE-AIM Outcome measure Methods of data collection

REACH Representativeness of participants recruited to parent research 
study compared to the general population

Demographic information Comparison of public and 
private

EFFECTIVENESS Lymphedema progression rates Review study audit records

Can routine and regularly planned monitoring assessment 
appointments be achieved?

Monitoring assessments completed

Hospital staff perception on the efficacy of early intervention Discussions with members of breast cancer 
multidisciplinary teams and organisational leaders

Impact on quality of life LSID-A and FACT-B questionnaire

ADOPTION Factors contributing to the integration and barriers preventing 
implementation of the PSM within the public and private 
health systems

Discussions with organisational leaders identifying 
concerns prior to, during and post parent research 
study

Examining hospitals who did and did not integrate the PSM Assessing public and private uptake

IMPLEMENTATION How, by whom and when was the PSM implemented. Education of clinical staff, planning and monitoring 
and referral flow

How was the study modified over time to facilitate 
implementation

Observations during implementation to address 
barriers in real time

Educating patients to become active participants in their 
monitoring and early intervention

Participants contacting research staff due to swelling 
concerns

MAINTENANCE Participant adherence/retention over 3year study time Research study assessments completed and missed

Perceptions of maintaining a PSM Discussions with multidisciplinary team members
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