
1Schreurs RHP, et al. BMJ Open 2021;11:e048331. doi:10.1136/bmjopen-2020-048331

Open access 

Using the Functional Resonance 
Analysis Method to explore how elastic 
compression therapy is organised and 
could be improved from a 
multistakeholder perspective

Rachel Hellen Petra Schreurs    ,1,2 Manuela A Joore,3 Hugo ten Cate,2,4 
Arina J ten Cate- Hoek2,4

To cite: Schreurs RHP, 
Joore MA, ten Cate H, et al.  
Using the Functional Resonance 
Analysis Method to explore 
how elastic compression 
therapy is organised 
and could be improved 
from a multistakeholder 
perspective. BMJ Open 
2021;11:e048331. doi:10.1136/
bmjopen-2020-048331

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bmjopen- 2020- 048331).

Received 22 December 2020
Accepted 21 September 2021

For numbered affiliations see 
end of article.

Correspondence to
Rachel Hellen Petra Schreurs;  
 rachel. schreurs@ mumc. nl

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives Elastic compression stocking (ECS) therapy 
is an important treatment for patients with deep venous 
thrombosis (DVT) and chronic venous insufficiency (CVI). 
This study aimed to provide insight into the structure 
and variability of the ECS therapy process, its effects 
on outcomes, and to elicit improvement themes from a 
multiple stakeholder perspective.
Design Thirty semi- structured interviews with 
professionals and patients were performed. The essential 
functions for the process of ECS therapy were extracted 
to create two work- as- done models using the Functional 
Resonance Analysis Method (FRAM). These findings were 
used to guide discussion between stakeholders to identify 
improvement themes.
Setting Two regions in the Netherlands, region Limburg 
and region North- Holland, including an academic hospital 
and a general hospital and their catchment region.
Participants The interviewees were purposely recruited 
and included 25 healthcare professionals (ie, general 
practitioners, internists, dermatologists, nurses, doctor’s 
assistants, occupational therapists, home care nurses and 
medical stocking suppliers) and 5 patients with DVT or CVI.
Results Two FRAM models were created (one for each 
region). The variability of the functions and their effect 
on outcomes, as well as interdependencies between 
functions, were identified. These were presented in 
stakeholder meetings to identify the structure of the 
process and designated variable and uniform parts of the 
process and its outcomes. Ultimately, six improvement 
themes were identified: dissemination of knowledge of 
the entire process; optimising and standardising initial 
compression therapy; optimising timing to contact 
the medical stocking supplier (when oedema has 
disappeared); improving the implementation of assistive 
devices; harmonising follow- up duration for patients with 
CVI; personalising follow- up and treatment duration in 
patients with DVT.
Conclusions This study provided a detailed 
understanding of how ECS therapy is delivered in daily 
practice by describing major functions and variability in 
performances and elicited six improvement themes from a 
multistakeholder perspective.

INTRODUCTION
Elastic compression stocking (ECS) therapy 
is the cornerstone for the prevention and 
treatment of post- thrombotic syndrome after 
deep venous thrombosis (DVT) and the 
major conservative treatment modality for 
patients with chronic venous insufficiency 
(CVI).1–5 Practically, it was our impression 
that there is a substantial variation in how 
ECS therapy is implemented. We assume this 
to result in heterogeneous and suboptimal 
care. However, a good understanding of 
this assumed variability is lacking. This study 
aimed to provide insight into the variability 
of the process as well as interactions between 
healthcare professionals and patients 
concerning ECS therapy in daily practice and 
to elicit improvement themes from a multis-
takeholder perspective.

From the moment ECS therapy is indicated, 
patients first need initial compression therapy 

Strengths and limitations of this study

 ► We used the Functional Resonance Analysis Method 
(FRAM) to obtain a deep insight into how elastic 
compression stocking therapy was organised and 
performed in daily practice.

 ► Important insight into practice variation, interde-
pendencies among functions, and their effects on 
outcomes became apparent using semi- structured 
interviews and stakeholder meetings.

 ► The FRAM approach demonstrates how an interdis-
ciplinary approach can be used to extract different 
perspectives and co- design of interventions.

 ► Inclusion of more participants might allow for the 
identification of more variability providing a wider 
range of perspectives.

 ► Observer bias might be present since the main inter-
viewer had a medical background.
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to reduce oedema and to bridge the time until the start 
of definitive ECS therapy, which has to be fitted and deliv-
ered by a medical stocking supplier.5 6 Choosing optimal 
ECS therapy appears to be challenging since several deci-
sions have to be made regarding the ECS characteristics 
(for example, pressure class, stiffness and ECS type) to 
optimally match the patient’s clinical characteristics.7–9 
Patients then are expected to apply and remove their ECS 
themselves. However, a large proportion of both patients 
with DVT and CVI are non- compliant to ECS therapy.10 11 
One of the reasons for non- compliance include difficul-
ties putting ECS on and/or removing the ECS.12–16 Some 
patients need assistive devices to preserve self- reliance, 
and a smaller proportion of patients rely on home care 
to assist with the application and removal of the ECS. The 
proportion of patients needing home care for this indica-
tion is not well known. One study found that, in elderly 
and overweight patients with CVI, 14.6% of patients 
relied on home care to either put on and/or remove the 
ECS.17 A recent trial in patients with acute DVT showed 
that 16.1% of patients received home care, though this 
included patients who required home care for the initial 
compression phase.18 Finally, a decision regarding ECS 
therapy duration will be made during regular outpatient 
clinic visits (only in DVT), whereas ECS therapy is perma-
nent for patients with CVI.

ECS therapy is a complex process, with various health-
care professionals and patients collaborate and constantly, 
purposely or not, adjust their performances to each other 
and the working conditions (for example, restrictions 
in time, information or resources).19 This complexity 
results in a process of dynamic performances and inter-
actions between healthcare professionals that can lead to 
both desirable and unwanted or unexpected outcomes 
that can spread through the whole system.20 As a conse-
quence, a difference exists between work- as- done (which 
represents how work is done in daily practice) and work- 
as- imagined (which represents how work is supposed to 
be done as stated in clinical guidelines and protocols).21 
These insights have created a growing awareness of the 
importance of both context and practical applicability of 
recommendations and guidelines to optimise care,22–25 
rather than a focus on guideline characteristics. There-
fore, establishing specific facilitators and targets for 
improvements and gaining insight into how ECS therapy 
is managed and performed in clinical practice are essen-
tial to optimise current care.

To date, studies concerning ECS therapy have mainly 
focused on the duration and efficacy of ECS therapy to 
prevent post- thrombotic syndrome in the case of DVT,1–4 26 27 
reasons for non- compliance to ECS therapy,10 16 28 quality 
of life29 and improvement of self- reliance30–32 for patients 
with either DVT or CVI. To the best of our knowledge, 
no empirical studies to date have addressed the entire 
process of ECS therapy with gaps, interdependencies and 
variability across settings. Only four studies have focused 
on specific parts of daily practice (prescription patterns 
and patients’ perspectives): three on DVT13 28 33 and one 

on venous disease in general.34 These studies consistently 
show a lack of consensus and considerable variation in 
practice among physicians regarding timing of initia-
tion of ECS, duration of therapy (in patients with DVT) 
and compression strength. However, in complex care as 
ECS therapy, it is especially important to assess the entire 
process.

A useful method to analyse complex sociotechnical 
systems is to use the Functional Resonance Analysis 
Method (FRAM). FRAM arrives from the relatively new 
safety- II perspective. Whereas the safety- I primarily 
focused on finding the source for failures and reasons 
for non- adherence to guidelines to improve care, this 
promising perspective focuses on what can be learnt from 
daily practice.35 FRAM thereby uses the idea of resonance 
arising from the variability of everyday performance, 
which proactively results in improvement themes to 
reduce unwanted variability and strengthen performances 
leading to desired results.21 It follows a stepwise approach 
to create a model that provides clear insight into work- as- 
done, including all variability in performance as well as 
interactions and the consequences thereof on outcomes. 
Ultimately, the FRAM determines whether, and how far, 
work- as- done corresponds with work- as- imagined. The 
method has been widely applied in many work fields 
(eg, aviation, railway and airway traffic management, 
and construction), but its implementation in healthcare 
research remains more limited.36–46

Hence, this study aims to provide an overview of how ECS 
therapy is organised and to define suggestions for improve-
ment using FRAM. It is the first step in developing a general 
cross- domain protocol to improve ECS therapy for patients 
with either DVT or CVI, matching daily practice, and in 
adherence to guidelines and scientific evidence.

METHODS
Setting and population
The study was conducted in two regions in the Netherlands 
(Limburg and North- Holland). These settings were chosen 
considering their geographical spread (Limburg in the 
most southern part of the Netherlands and North- Holland 
in the northern part) and because in North- Holland several 
interventions to improve self- reliance in elastic compres-
sion therapy have already been implemented. The hospital 
settings differ too, with a general hospital in North- Holland 
(on two locations) and an academic hospital in Limburg. 
To access care and appropriate diagnostic processes in both 
settings, patients may present at a general practitioner’s 
(GP) practice. After clinical assessment, the GP determines 
whether the patient can be managed in primary care for 
further diagnosis and treatment or whether secondary care 
assessment is necessary.

The scope of this study is to identify the complete process 
of ECS therapy, from the moment ECS is indicated until the 
moment ECS can be stopped, for patients with DVT and 
CVI (stadium C4 and C5 according to the Clinical–Etiolog-
ical–Anatomical–Pathophysiological classification system).47 
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Stadium C6 patients (with an active venous ulcer) were 
excluded since these patients are generally not able to be 
self- reliant as they depend on home care for wound manage-
ment. These patients are therefore expected to have fewer 
benefits from optimising care.

Study design
FRAM consists of four steps. The first step has a dual objec-
tive: first to explore work- as- imagined based on work instruc-
tions, guidelines and recent literature to globally identify the 
system’s main activities (called functions) and the healthcare 
professionals who are involved; second, to visualise work- as- 
done and to systematically identify the functions that consti-
tute ECS therapy in its entirety. These functions are identified 
based on interviews with involved healthcare professionals. 
Functions are divided into foreground functions (the system’s 
main functions, whose variability may have consequences for 
its other functions) and background functions (those func-
tions that are considered to be more stable and are on them-
selves not the focus of the current study, although they may 
introduce variability into the main functions). The functions 
are then visualised as hexagons using the FRAM Model Visu-
alizer (FMV) software (V.0.4.1).48 Thereafter, the foreground 
functions are characterised by six aspects necessary to realise 
the function: input, output, precondition, resource, control 
and time (see figure 1).

The second step is to identify and characterise the vari-
ability in output of the individual functions in the FRAM 
model based on the information provided in the interviews. 
This output variability can be internal (variability in the func-
tion itself) or external (variability in working condition, that 
is, the conditions under which the function is performed). 
The third step is to identify how the aspects can connect 

different functions and identify interdependencies (also 
called couplings). For example, if the output of function A 
is also defined as a precondition for function B, then these 
functions are coupled (a so- called ‘upstream–downstream 
coupling’) since variability in the output of function A 
impacts the performance of function B. The variability in 
each function’s output can be identified as well as its effect 
on the performance of other downstream functions (ie, func-
tions performed later in the process). Finally, it is possible to 
develop recommendations on how to monitor and influence 
the variability by attenuating the variability that can lead to 
undesirable results or by enhancing the variability that can 
lead to desired results.49

Data collection and analysis
Identification of system functions and aspects (step 1)
To identify the system’s main functions, a work- as- imagined 
model was created based on local protocols of the two selected 
regions, guidelines50–53 and recent literature.4 Healthcare 
professionals involved in the system were identified for 
each region and semi- structured interviews were planned 
to identify main functions and aspects for the work- as- done 
models. The interviewees were purposely recruited starting 
with a senior policy adviser from a home care organisation 
in Limburg, and a senior project manager from a home care 
organisation in North- Holland. Other experienced profes-
sionals were recruited through consecutive interviewees 
until data saturation was reached, defined as three consec-
utive interviews during which no new functions or output 
emerged.54

The healthcare professionals were contacted by phone 
or email and all agreed to participate and consented 
verbally. One interviewer (RS) conducted the audio- 
recorded interviews with each interviewee either at the 
healthcare professional’s workplace or the patient’s home 
(Limburg) or by telephone (North- Holland). Interviews 
were guided by an interview template based on questions 
of the FRAM, in which the interviewer was trained before 
start of the interviews.49 Afterward, the interviews were 
transcribed verbatim. Follow- up questions were used to 
clarify any unclear descriptions and no repeat interviews 
were performed. A deeper understanding of the process 
was obtained from the interviews and the essential func-
tions, including the six aspects of the function’s hexagon 
required for ECS therapy, were extracted using an itera-
tive modelling process to create the work- as- done models. 
Both the identified aspects and functions were discussed 
with two coauthors (AJtC- H, MJ) until consensus was 
reached. Subsequently, the functions and aspects were 
uploaded to the FMV software.

Assessment of variability of function output and interdependencies 
(steps 2 and 3)
To determine how the output variability of each func-
tion affected the process, functions were analysed based 
on whether they varied internally, externally or due to 
couplings reported in the interview data. Additionally, 
it was possible to consider variability between different 

Figure 1 Functional Resonance Analysis Method activity 
hexagon. The six aspects represent: input (I): what the 
function activates, acts on or changes; time (T): any time 
constraints that might affect the function; control (C): how 
the function is monitored or controlled; output (O): the output 
or change of state that emerges from the function; resource 
(R): materials or people needed to carry out the function or 
materials consumed during the function; precondition (P): a 
condition that must be satisfied before the function can be 
started.
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healthcare professionals performing the same function 
in the process. Variability was primarily assessed by the 
interviewer (RS) and discussed with coauthors (AJtC- H, 
MJ) until consensus was reached. Afterwards, a list of 
potential improvement themes was compiled following 
a thematic analysis based on improvement suggestions 
from interviewees, the described variability in the inter-
views and the presumed effects on undesirable outcomes. 
This list was provided to all stakeholders before the 
discussion meeting.

Validation of the FRAM model and identification of opportunities for 
improvement to optimise current care (step 4)
A meeting of local key stakeholders, involving a selection 
of interviewees (one per discipline) as well as local poli-
cymakers, was organised for both regions separately. In 
these meetings, the work- as- done models were presented 
to reflect on the FRAM findings and validate the models. 
Responses from stakeholders were used to adjust the 
presented FRAM models. Thereafter, the FRAM models 
and the list of the potential improvement themes were 
used to reconcile improvement suggestions with work- as- 
done until consensus regarding the main improvement 
themes was reached. After the meetings, the adjusted 
models were sent to the stakeholders for final validation.

Patient and public involvement
Patients were viewed as equally important stakeholders 
and from the start of the project involved as interviewees 
(n=5) in order to integrate their perspectives on work- as- 
done. Subsequently, their perspectives were included in 
the final FRAM models and improvement themes.

RESULTS
FRAM model
A total of 30 interviews: 15 face- to- face interviews for 
Limburg, and 15 telephonic interviews for North- Holland, 
were performed. Interviews lasted between 30 and 
90 min. The profiles of interviewees are listed in table 1. 
Initially, separate models for DVT and CVI were created 
per region. Ultimately, as most functions for the DVT 
and CVI processes were equal, functions were combined 
and modelled in one FRAM model per region (figures 2 
and 3). The Limburg model consisted of 14 foreground 
functions and the North- Holland model of 18. Four time- 
consecutive phases were empirically identified from the 
interviews, which were similar for both models.

Phase 1, the initial compression therapy, includes iden-
tifying treatment indications; selecting the type of initial 
compression therapy; and implementing initial compres-
sion therapy either self- reliantly by the patient, provided 
by a caregiver at the outpatient clinic or general practice, 
or provided by home care nurses. Phase 2 is initiating ECS 
therapy. In this phase, the patient is expected to contact 
the medical stocking supplier who conducts an intake, 
a fitting consult and delivers the ECS. Subsequently, the 
medical stocking supplier estimates the patient’s ability 

to be self- reliant (with or without an assistive device) and 
implements an assistive device if possible. If the medical 
stocking supplier estimates that it is not possible to imple-
ment the assistive device at that moment, downstream 
functions can be activated (eg, the occupational therapist 
for additional training) or the patient is advised to contact 
home care. In phase 3, some patients apply and remove 
their ECS self- reliantly, whereas others are trained to use 
the assistive device or home care is arranged to apply and 
remove the ECS. Phase 4 consists of maintenance ECS 
therapy and follow- up. A detailed description of the func-
tions, the main aspects and output variability is outlined 
in the online supplemental tables 1 and 2.

In both regions, the treating physician (ie, internist, 
dermatologist or GP) and the medical stocking supplier 
play key roles in the process. The treating physician 
(function 5 in the Limburg model and 4 and 8 in the 
North- Holland model) makes decisions regarding the 
type of initial compression therapy, affecting the course 
in downstream functions. Additionally, the treating physi-
cian generates prescriptions (eg, for multilayer compres-
sion bandages), instructions (eg, when to call the medical 
stocking supplier) and referrals (eg, for definitive ECS); 
documents that play important roles in downstream func-
tions. Furthermore, the medical stocking supplier (func-
tion 9 in the Limburg model and 14 in North- Holland) 
provides outputs (implementing an assistive device, 
referring the patient to the occupational therapist or 
advising the patient to contact home care) affecting the 
patient’s course in downstream functions. Finally, both 
models included downstream functions (ie, the follow- up 
appointments with the internist, the dermatologist or the 
GP, functions 14a–c in the Limburg model and 18a+b in 
the North- Holland model) that controlled the progress 
of the entire process.

Table 1 Number of interviewees per stakeholder group

Interviewees
Limburg 
(15)

North- Holland 
(15)

General practitioners 2 2

Internists 2 3

Dermatologist 1 1

ER nurses 2 1

Doctor’s assistant 
dermatology

Not 
applicable

1

Nurse dermatology 1 Not applicable

Medical stocking suppliers 2 1

Home care nurses 2 2

Occupational therapists 1 1

Patients with deep venous 
thrombosis

1 1

Patients with chronic 
venous insufficiency

1 2

ER, emergency room.
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Main themes for improvement
In each region, a selection of potential improvement 
themes (n=11 for Limburg and n=12 for North- Holland, 
see table 2) was made to guide two meetings with stake-
holders (n=8 for Limburg and n=9 for North- Holland). 
Six major themes for improvement interventions were 
identified that were the same for both regions and are 
discussed in the next sections.

Theme 1: dissemination of knowledge of the entire process among 
all healthcare professionals involved
All stakeholders agreed that for the process to be opti-
mised, instead of being knowledgeable only on the part in 
which they are directly involved, it is important that knowl-
edge about the entire process is disseminated among 
all healthcare professionals involved. This is important 
to optimise the coordination among functions, provide 

uniform information to the patient and to involve the 
patient in the decision- making process at all phases of the 
process. This is especially the case for the frontline profes-
sionals working in phase 1 (initiating initial compression 
therapy), which enables them to better inform patients 
on the entire process at an early point in time and in a 
personalised manner.

Theme 2: optimising and standardising initial compression therapy 
for both patients with DVT and CVI
The FRAM showed that nearly all patients with DVT and 
CVI were treated with initial compression therapy, except 
for patients with DVT without oedema diagnosed by the 
GP in Limburg and patients with DVT diagnosed at one 
hospital location in North- Holland. At this hospital loca-
tion, even definitive ECS was omitted in patients with DVT 
without complaints and no oedema. Logistics problems 

Figure 2 Functional Resonance Analysis Method model chronic venous insufficiency (CVI) and deep venous thrombosis 
(DVT) region Limburg. The red functions are specific functions for the process of DVT. The blue functions are specific functions 
for CVI. The green functions can occur in both processes of DVT and CVI, and activities and variability were observed to be 
the same for both DVT and CVI. DA, doctor’s assistant; ECS, elastic compression stocking; ER, emergency room; FU, follow- 
up; GP, general practitioner; ICT, initial compression therapy; MCB, multilayer compression bandage; MSS, medical stocking 
supplier; NHG, Nederlands Huisartsen Genootschap (Dutch General Practitioner Society); TCH, temporary compression hosiery.

Figure 3 Functional Resonance Analysis Method model deep venous thrombosis (DVT) and chronic venous insufficiency (CVI) 
region North- Holland. The red functions are specific functions for the process of DVT. The blue functions are specific functions 
for CVI. The green functions can occur in both processes of DVT and CVI, and activities and variability were observed to be the 
same for both CVI and DVT. ACD, adjustable compression device; DA, doctor’s assistant; ECS, elastic compression stocking; 
ER, emergency room; FU, follow- up; GP, general practitioner; ICT, initial compression therapy; MCB, multilayer compression 
bandage; MSS, medical stocking supplier; NHG, Nederlands Huisartsen Genootschap (Dutch General Practitioner Society); 
TCH, temporary compression hosiery.
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at the outpatient clinic and suboptimal awareness of the 
consequences of the omission of therapy were identified 
as the main drivers for these differences in approach. 
However, stakeholders agreed that initial and defini-
tive compression therapy should be standardised for all 
patients with DVT, regardless of accompanying symp-
toms, to reduce the risk of post- thrombotic syndrome.

Further variation was observed regarding the type of initial 
compression therapy prescribed by GPs, dermatologists, and 
internists in both regions for both patients with DVT and CVI. 
Initial therapy included multilayer compression bandages, 
adjustable compression devices (only for patients with CVI 
from the GP in North- Holland) or temporary compres-
sion hosiery (only for patients with DVT in both regions). 
Although all treating physicians did use some kind of stan-
dardised methods to select initial compression therapy, these 
methods were not aligned among the different disciplines, 
which can have severe consequences for patients’ chances to 
maintain self- reliance depending on the treating physician. 
Consensus was reached that in the context of preserving and 
promoting patients’ self- reliance, adjustable compression 
devices or temporary compression hosiery should be consid-
ered as the preferred therapy instead of multilayer compres-
sion bandages for patients with DVT as well as patients with 
CVI. Additionally, stakeholders agreed that maintaining self- 
reliance early in the process can facilitate the success rate for 
implementation of assistive devices since it appeared more 
challenging to ensure self- reliance for the use of ECS if 
patients were already using home care.

Theme 3: optimising timing to contact the medical stocking 
supplier towards the end of the initial compression phase
In both regions, the exact timing of the intake at the 
medical stocking supplier was mentioned as a point for 

improvement. In an estimated 10%–30% of patients, 
oedema had not disappeared sufficiently at the time of 
intake, preventing the ECS to be fitted. Subsequently, a 
new appointment had to be made resulting in a delay in 
the downstream functions. Proposed strategies to guide 
this problem differed per region. One suggestion was that 
the speed and efficiency of the process could be further 
enhanced by providing better support to self- reliant 
patients on when to contact the medical stocking supplier. 
Another suggestion was to actively question the patient 
regarding the presence of oedema when the patient 
contacts the medical stocking supplier. Both suggestions 
were assessed to be practically feasible and were expected 
to help prevent unnecessary additional appointments 
and delays in the process.

Theme 4: improving the implementation of assistive devices to 
maintain patient’s self-reliance
It was recognised by stakeholders that maintaining patient 
self- reliance and starting the implementation of assistive 
devices from the start of ECS therapy were key factors for 
increasing adherence to therapy.

The medical stocking supplier is initially responsible for 
estimating self- reliance abilities, and if necessary, select an 
assistive device and provide training. They perceive the assess-
ment of patients’ abilities, and the selection of a suitable assis-
tive device challenging, in particular for elderly patients. Most 
importantly, since it has to be done in a short period (during 
the fitting consult, with an average duration of 10–15 min); 
the assessment of a patient’s abilities at this point is essential 
because if patients eventually turn out to be less self- reliant 
as previously expected, the expense of the assistive device 
will not be covered by the insurance company. Additionally, 
most elderly patients require additional time to be trained in 

Table 2 Selection of potentially improvement themes

Region Limburg (11) Region North- Holland (12)

Deep venous thrombosis

 ► To harmonise the advice to use initial and/or definitive ECS therapy

 ► To harmonise the advised duration of ECS therapy

 ► To increase knowledge of ER nurses regarding the instruction and demonstration 
of the TCH

 ► To incorporate the advised duration of ECS therapy in the 
patient letter

 ► To create clarity in who is responsible for advising ECS 
therapy duration between internists and dermatologists

Chronic venous insufficiency

 ► To organise follow- up and optimise patient knowledge on when to contact the treating physician

Deep venous thrombosis and chronic venous insufficiency

 ► To optimise and harmonise initial compression therapy

 ► To harmonise working methods for selecting and implementing assistive devices between medical stocking suppliers

 ► To optimise the implementation of assistive devices in patients receiving home care for ECS therapy

 ► To optimise the timing to contact the medical stocking supplier towards the end of the initial compression phase

 ► To improve communication between medical stocking suppliers and home care nurses

 ► To aim for uniformity in declaration requirements among insurance companies

 ► To increase therapy adherence in patients using ECS therapy

ECS, elastic compression stocking; ER, emergency room; TCH, temporary compression hosiery.
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the use of the assistive device. Furthermore, the cluster fee 
that medical stocking suppliers receive is a set amount that 
will not be increased if additional activities are performed to 
keep patients self- reliant. For either of these reasons, medical 
stocking suppliers can decide to not select and implement 
an assistive device themselves but instead refer patients to the 
occupational therapist or advise patients to contact the home 
care organisation to apply and remove the ECS.

Home care nurses mentioned that, in their experience, 
there is a low threshold for referral to the home care organ-
isation, which probably results in more patients than neces-
sary, using home care. This is an important concern as 
the home care organisations are already facing a high and 
increasing workload due to the ageing population and subse-
quent higher need for home care, which becomes hard to 
manage. Both home care organisations developed solutions 
to reduce the proportion of patients requiring home care for 
ECS therapy. In North- Holland, home care nurses reassess 
the patient’s ability for self- reliance and refer selected patients 
to the occupational therapist to select and train an assistive 
device when indicated. In Limburg, specialised home care 
nurses select and implement assistive devices themselves. 
However, this adds to the workload of home care nurses, and 
the proportion of patients who become self- reliant following 
the intervention through home care nurses was noted to be 
low.

Theme 5: harmonising follow-up duration for patients with CVI
In patients with CVI, there was variability in conducting 
follow- up appointments among GPs, and between dermatol-
ogists and GPs in both regions. Most GPs mentioned that they 
did not plan any follow- up appointments but relied on the 
patient’s responsibility to alert them if problems occurred, 
whereas dermatologists standardised a follow- up appoint-
ment after 6 weeks. Dermatologists emphasised the impor-
tance of a prespecified follow- up appointment to repeat 
information regarding treatment goals and adherence to 
ECS therapy and to estimate the patient’s risk for future 
problems. Ultimately, consensus was reached that follow- up 
appointments for patients with CVI are essential.

Theme 6: personalising follow-up and treatment duration in 
patients with DVT
In patients with DVT, considerable variations were found 
in both follow- up frequency and duration (6 weeks–24 
months), as well as the advice when to stop ECS therapy 
among internists between the two hospital locations in 
North- Holland and between internists and GPs in both 
regions. In Limburg, internists gave individualised advice 
on when to stop ECS therapy (based on Villalta scores, 
see function 14a in the Limburg model) following local 
protocol. In North- Holland, some internists and derma-
tologists (dermatologists also conduct one consultation 
for patients with DVT at hospital location A, see function 
7 in the North- Holland model) advised to stop the ECS 
therapy after 6 months if no complaints existed based on 
their most recent knowledge of literature, while others 
advised to stop ECS after 2 years according to the local 

protocol. Internists and dermatologists in North- Holland 
acknowledged that they were not aware of each other’s 
instructions. As a result, patients in North- Holland 
mentioned that they received different advice regarding 
the duration of ECS therapy from dermatologists and 
internists. Moreover, as the moment of ECS therapy to 
be stopped generally takes place after follow- up appoint-
ments have ended, and no healthcare professionals were 
involved in this decision anymore, patients mentioned 
that it was especially difficult for them to understand the 
correct duration of therapy. It was stated that a longer 
follow- up duration and a more uniform, personalised 
method to substantiate the advice when to stop ECS 
therapy are necessary for patients with DVT.

DISCUSSION
This study provides important insight into the complex 
structure of the organisation of ECS therapy for patients 
with DVT and CVI in daily practice in the Netherlands, 
from a multiple stakeholder perspective. By using FRAM, 
we were able to identify the essential functions of ECS 
therapy. Since the majority of essential functions were 
equal for patients with DVT and CVI, especially for phase 
1 (the initial compression therapy), phase 2 (initiating 
ECS therapy) and phase 3 (definitive ECS therapy), we 
were able to merge the processes and developed two 
models (one per region). Based on these models, we iden-
tified major sources of variability in the performance of 
the different functions and assessed the influence of vari-
ability on outcomes for patient care in discussion with the 
stakeholders. This ultimately resulted in five themes for 
improvement: dissemination of knowledge of the entire 
process among all healthcare professionals involved; opti-
mising and standardising initial compression therapy; 
optimising timing to contact the medical stocking 
supplier (when oedema has disappeared); improving the 
implementation of assistive devices to maintain patient’s 
self- reliance; harmonising follow- up duration for patients 
with CVI, and personalising follow- up and treatment 
duration in patients with DVT.

Previous studies on the implementation of improve-
ment interventions have mainly focused on the individual 
(single component) performances instead of focusing 
on ‘a system approach’. A review by Lau et al revealed 
that, in general, such strategies directed at individual 
professionals only achieved a small to modest improve-
ment (range 2%–9%) compared with no strategy.55 It is 
suggested that the use of a system approach, focusing on 
incorporating an understanding of how systems work as a 
whole from different perspectives, could facilitate imple-
mentation of improvement interventions.56

The large variation in the advised duration of therapy 
for patients with DVT observed in our study is consis-
tent with data from previous studies, although none of 
the studies was performed in the Netherlands. Kahn et al 
showed that 38% of physicians recommended ECS to be 
worn until symptoms improved, 18% recommend it to be 
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worn for a defined period, 26% recommended its indef-
inite use and 18% provided other advice regarding ECS 
therapy duration.28 Roche- Nagle et al also highlighted 
that there is a large variety in the advised duration of 
therapy (ranging from 1 month to 2 years).13 Additionally, 
the OTIS- DVT trial showed variable duration of therapy 
ranging from a median of 92 days in private practices to 
364 days in patients treated in hospitals.33

Furthermore, our results emphasise the importance 
of maintaining patient’s self- reliance for both initial 
compression therapy and definitive ECS therapy. We 
identified that, for the medical stocking supplier, time 
pressure, the reimbursement system of insurance compa-
nies, and the cluster fee received are barriers to optimally 
select and implement assistive devices for definitive ECS. 
We hypothesise that these barriers result in an excess of 
patients receiving home care, with major consequences 
for the patient’s self- reliance, home care burden and 
healthcare costs. An earlier study of Sippel et al showed 
that the use of an assistive device could increase the 
ability of elderly patients with CVI to apply the ECS 
(closed- toe, pressure 40 mm Hg) self- reliantly from 60% 
to 90%,30 which again emphasises the importance of 
optimal selection and implementation of assistive devices. 
Future studies should focus on creating transparency in 
healthcare costs regarding the implementation of assis-
tive devices, and improvement interventions to optimise 
this care.

Additionally, our results showed the importance of 
dissemination of knowledge and skills among the different 
healthcare professionals involved in ECS therapy. The 
degree of knowledge about the process in its entirety was 
perceived to have strong implications for the alignment 
of functions in the process. This is in line with previous 
findings that sharing knowledge and interaction between 
different professionals is essential to deliver high- quality 
patient care in complex contexts.57

With this study, we provided a detailed insight into 
how ECS therapy care is organised and delivered in 
daily practice for all patients receiving ECS therapy. 
The major strength of this study is the interdisciplinary 
and interorganisational design, which shows the multi-
centre applicability of the FRAM providing the possibility 
to compare challenges and strengths across different 
settings. Furthermore, the study enabled a first insight 
into the reproducibility of the FRAM between regions, 
which is an area that is not yet extensively explored. The 
large number of interviewees included from each profes-
sional group and the participation of stakeholders from 
all groups in the discussion meetings are also strengths 
of the current study. This made it possible to integrate 
different perspectives and to provide a detailed under-
standing of the process in its entirety including the six 
themes for improvement.

However, it is possible that with more participants, more 
variability could have been identified, providing a wider 
range of perspectives for improvement interventions 
even though data saturation appeared to be achieved and 

the models and discussion points were presented and vali-
dated by all stakeholders involved in the process. Addi-
tionally, due to COVID- 19, we were forced to perform 
several interviews by telephone, which prevented us from 
interviewing the participants in their working context, 
which could have provided further understanding of 
specific working conditions. Furthermore, since the inter-
views were conducted by a single researcher (RS) with a 
medical background, the possibility of observer bias arises. 
Pre- understanding of the context may have advanced 
data collection, but it might also have influenced how the 
interviews were conducted. We tried to control this bias 
by discussing the content of the interviews with also non- 
medical coauthors to incorporate different views into the 
interpretation of the results.

CONCLUSION
In this study conducted among multiple stakeholders, we 
used the FRAM to integrate different perspectives and to 
provide a detailed insight into how the complex process 
of ECS therapy is delivered in daily practice in the Neth-
erlands. We identified six major themes for improvement, 
which can be used to direct future intervention strategies. 
Furthermore, these themes can also be used as a founda-
tion for a general cross- domain protocol for all health-
care professionals involved.
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