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Abstract

Background: A report on the usefulness of the instruction of lay carers in multilayer short-stretch compression
bandaging within the initial intensive phase physical treatment of mixed-etiology chronic lower limb edema.
Methods and Results: In a group of adult obese patients (including 24 females) with venous insufficiency and
chronic bilateral lower limb edema, and without a history of physical therapy, 20 (ambulatory managed) were
bandaged once daily (four layers, short stretch with cotton tube, and foam padding underneath) for 3 weeks
(Monday–Friday) by skilled physiotherapists, and in 20 cases (education group, EG), the patients’ lay carers
were educated by these physiotherapists according to the same regime during one session. The outcome
measures included limb volume (the method of circumference measurement with a tape at 4 cm intervals) after
1, 3, and 6 months, the time to reach the maintenance phase, the frequency of complementary bandaging during
this phase, and the sense of self-efficacy (General Self-Efficacy scale, GSEs). No significant differences were
noted between the two groups in the baseline measurements of age, body mass, and limb volume. The carers
were able to apply compression bandages in all cases during the observation period. The time to reach the
maintenance phase was longer in EG (6 vs. 1 weeks; p < 0.001). A similar median reduction in edema volume
was observed at the end of the bandaging period, which continued for 3 and 6 months. It was only in EG that
further improvement between 1 and 3 months was observed ( p = 0.008). All participants represented an equally
high optimistic sense of personal competence (GSEs).
Conclusions: The instruction of lay carers in bandaging may provide a simple clinically effective solution for
lower limb edema management, thus lowering its costs.
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Introduction

Lower limb edema of mixed etiology (phlebolymphe-
dema) is the most common cause of swelling in the

Western world.1 Diuretics, a frequent therapeutic option in
such cases, may induce chronicity of the edema in the long
term due to disturbances of the renin–angiotensin and an-
tidiuretic hormone relationship.2 Compression therapy, re-
commended to decrease venous and lymphatic hypertension,
is widely used in the treatment of mixed edema, skin changes,
and ulcerations.3 Self-performance of complex decongestive
therapy, based on compression, manual lymphatic drainage,
and remedial exercises, can be a valuable method to decrease

limb volume and chronic pain in breast cancer-related lym-
phedema.4,5 Self-bandaging programs for lymphedema patients
have been promoted in many countries, for example, in Canada,6

Ireland, or the Netherlands.7 Although many lifestyle changes
and self-care indications for patients with lower limb edema are
proposed,8 the utility of self-applied short-stretch leg compres-
sion has not been evaluated, except for adjustable wrap com-
pression systems.9 The objective of this retrospective case–
control pilot study was to report on the usefulness of the in-
struction of lay carers in multilayer short-stretch compression
bandaging within the initial intensive phase physical treatment of
mixed-etiology chronic lower limb edema. The rationale for this
is to enable the effectiveness of this cost-cutting management.
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Materials and Methods

Forty adult obese patients (including 24 females) with
venous insufficiency (all stage Cs4a-Es according to CEAP
classification) and chronic bilateral lower limb edema with-
out a history of physical therapy were selected. Twenty
(ambulatory managed—control group, AM) were bandaged
(8 and 10 cm width, Rosidal K, Lohmann and Rauscher,
Germany—four layers, short stretch with cotton tube, and
foam padding underneath) by skilled physiotherapists once
daily from Monday to Friday (bandages applied were left on
day and night to the next session, also through the weekends).
In 20 cases (education group, EG), the patients’ lay carers
were educated by these physiotherapists according to the
same regime during one session. Both groups were encour-
aged to maintain normal activity including walking with
bandages applied.

After 1 week in AM and 3 weeks in EG, the patients were
checked for the pitting signs of edema. When it persisted,
further bandaging was advised for 1 week. When pitting
edema was absent, the patients were fitted with made-to-
measure flat-knitted thick and stiff compression stockings
(MEDI Bayreuth, Germany—CCL class 2; 23–32 mmHg)
and advised to wear them on a daily basis with sustained
activity (maintenance phase). Lifestyle changes comprising
aerobic physical activity and lowering of calorie intake,
aiming at losing weight, were recommended in both groups.

Limb volume (circumference measured with a tape at 4 cm
intervals, from the ankle–knuckle up to the knee, with sim-
plified frustrum volume formula method) was measured at
the end of the intensive management phase (after 1 week in
AM and 3 weeks in EG), then 3 and 6 months later. Both
absolute (in mL) volume and a weight-adjusted volume
change (WAC)10 after 6 months were used to assess the re-
sults of physiotherapy. The time to reach the maintenance
phase and the frequency of complementary bandaging nee-
ded during this phase were monitored. The General Self-
Efficacy scale (GSE),11 which is a measure of a sense of
personal competence to deal effectively with stressful situa-
tions and has been a routine procedure at the clinic, was
additionally analyzed.

The normality of data distribution was analyzed with the
Shapiro–Wilk test. The Wilcoxon signed-rank test was used
to compare ordinal data during each time period. In terms
of the comparison between the subgroups of patients, the
Mann–Whitney test was employed. Spearman’s rank corre-
lation was used to assess the relationship between the volume
changes and GSE.

The research was conducted in accordance with the Hel-
sinki Declaration. Informed consent from patients was not
required due to the retrospective character of the study. In-
stitutional review board approval for this retrospective study
was obtained.

Results

No significant differences were noted between the two
groups in the baseline measurements of age, body weight,
body mass index (BMI), and edema duration (Table 1).
Stemmer sign was present in 10 patients in each group. Both
groups represented an equally high optimistic sense of per-
sonal competence (GSEs).

In EG, the mean weight increased by 3.3 kg, whereas in
AM, it decreased by 2.0 kg, but the BMI did not change
significantly within 6 months of observation in each group
( p = 0.13). The carers were able to apply compression ban-
dages in all cases for the observed period. The median time to
achieve the maintenance phase in EG was longer (6.0 vs. 1.0
weeks; p < 0.001). Thirteen patients in both groups occa-
sionally required additional compression bandaging during
the maintenance phase. Within EG, no additional ambulatory
visits were necessary, whereas in AM, one or two interven-
tional visits per patient were appointed.

A significant improvement was observed in both groups
during the intensive phase. In the first 3 months of mainte-
nance phase, further improvement was seen in EG only
(Fig. 1). In both groups, the reduction of limb volumes was
maintained within 6 months of observation.

Group comparison revealed a similar mean reduction in
edema, expressed in both absolute (mL) and relative (WAC)
volumes (Table 2). No particular correlations were seen be-
tween GSE and limb volume changes.

Discussion

The presented data show that ambitious lay caregivers
having a high optimistic sense of personal competence can be
effectively taught how to apply multicomponent compression
bandaging to edematous legs, and that the intensive phase of
edema physiotherapy based on carers’ activity may be suf-
ficiently effective in longer observation.

‘‘Inelastic’’—thick and stiff compression, more prominent
in standing position and on walking (with higher working
pressures and lower resting pressures), making it more com-
fortable to wear—is recommended for several serious clinical
conditions (e.g., skin ulcerations and various types of edema).
Both bandages and stockings perform on the same principle:
the higher the stiffness, the larger the improvement of he-
modynamic parameters and the more effective the reduction
of edema.12 As most cases of chronic lower limb edema are of
compound origin, affecting eventually the lymphatic output,
principles of conservative management of lymphatic con-
gestion may be extrapolated into the cases of chronic edema
and incorporated into the community health system.13 Mixed-
etiology limb edema can be one of the major complaints not

Table 1. Characteristics of the Two Groups

of Patients

Parameter

Education
group

Ambulatory
group

pMedian IQR Median IQR

Age (years) 65.0 19.0 64.0 13.0 0.7
Body weight (kg) 110.5 23.8 112.5 13.0 0.8
Height (m) 1.6 0.1 1.7 0.1 0.7
BMI (kg/m2) 39.5 6.8 39.8 8.6 0.9
Edema duration

(months)
96.0 112.5 120.0 125.0 0.8

GSEs (points) 32.0 5.5 33.0 5.5 0.8
Bandaging therapy

(weeks)
6.0 1.0 1.0 0.0 <0.001

BMI, body mass index; GSE, General Self-Efficacy scale; IQR,
interquartile range; p, Mann–Whitney U test.
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only among the elderly population,14 but also within hospice
patients.15 Our observation suggests the utility of im-
plementation of caregiver-based compression therapy in these
numerous cases, also within the end-of-life population.

One of the most important prerequisites for efficacious
bandaging is to apply them not too loosely and with a proper
frequency, and the main problem concerning compression
therapy is the lack of adequately trained staff.16 Compression
wraps, commonly advised lately in cases of venous insuffi-
ciency, despite obtaining less pressure range variation, how-
ever, also need detailed instruction at the demonstration
course,9 and they can be even eight times more expensive than
the multicomponent set of short-stretch bandaging products
comprising cotton stockinettes, foam paddings, and bandages
(in Poland the price difference is 130 USD vs. 16 USD, and
neither cost is reimbursable under the national insurance
scheme). Self-adjustable (sometimes more often than once a
day) compression devices were more effective than mere
daily bandaging in reducing venous leg edema within the first
week of initial therapy owing to higher and more stable pres-
sures obtained during the whole day.17 Therapy initiation with a
single (with moderate pressure of 23–32 mmHg)18 or two

superimposed elastic stockings,19 which could be as efficient
as inelastic bandages, was not considered in our patients due
to financial constrains. In our observation, ambulatory inten-
sive phase of therapy with bandaging was broadly acceptable,
typically also lasted 1 week, but it might be necessary for a
longer period when compression is applied by a caregiver.

Clinicians play a virtual role in supporting patients to know
about, perform, and believe in the importance of self-
management strategies for maintaining the achieved results
in long follow-up.20 The majority (81%) of patients can apply
ordinary elastic bandages for venous leg ulcer management
by themselves,21 but the self-application of the short-stretch
bandages is more problematic, as the variation in the strength
of application generates higher fluctuations in obtained
compression under the bandage. In addition, self-bandaging
of lower legs by older obese subjects, frequently with co-
morbidities, may not be possible in the majority of cases.9

The quality of self-applied compression bandages in patients
with chronic venous insufficiency may often be deficient: in
one study, nearly a half of them could not afford it due to
physical limitations and only one-fifth of those who could
apply bandages achieved effective compression pressure.22

FIG. 1. Median limb volumes (mL) during the study in EG and AM groups. The median time of intensive phase in EG
and AM groups was 6 and 1 week, respectively. ( p value Wilcoxon signed-rank test). AM, ambulatory managed; EG,
education group.

Table 2. Characteristics of Two Managed Groups

Limb volume (mL)

Educational group Ambulatory group

pMedian IQR Median IQR

Initially 5327.0 1299.5 5185.0 1276.3 0.8
After intensive phase bandaging 4749.0 1205.0 4343.5 1170.5 0.5

Change within intensive phase -457.5 856.0 -730.5 695.0 0.057

After 3 months of maintenance therapy 4437.0 1196.5 4378.5 1184.3 0.8
Change within 3 months -733.5 933.0 -724.5 866.8 0.6

After 6 months of maintenance therapy 4542.0 1215.5 4113.0 1207.3 0.7
Change within 6 months -757.5 995.8 -777.5 991.0 0.3
WAC within 6 months (%) -14.6 12.6 -14.1 15.4 0.8

WAC, weight-adjusted volume change.
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Surprisingly, even experienced nurses and therapists usually
miss the target range of compression pressures.23 However,
in lymphedema patients, also with lower limbs affected,
successful attempts at the self-application of multicomponent
short-stretch bandages have already been reported.6 In these
patients the effectiveness of such bandaging was comparable
with a precast adjustable compression system in terms of
excess limb volume reduction and symptoms control.24

The existing self-bandaging programs assume the partici-
pation of caregivers routinely or in cases when the patient
cannot cooperate sufficiently.6 The main rehabilitation
strategies for poorly active and obese patients encompass
supervision at home in many activities, including compres-
sion.8 In low-income areas of endemic filarial infections, this
strategy, based on proper skin care and bandaging training
(also for carers) at day centers, is being developed as a part of
the World Health Organization guidelines.25 Our study also
supports the utility of such caregivers’ aid.

Mixed lower limb edema as a chronic condition with a high
risk of exacerbations needs an ongoing systematical thera-
peutic regime. In exacerbations, an additional bandaging is
often necessary to reduce the edema.26 Besides high self-
efficacy that may enhance self-care,27 knowledge of the
bandaging technique is necessary to maintain a therapy that is
adjusted to the actual condition. The second prerequisite also
encourages better education of patients and their caregivers.

There are some limitations to this study. First, we have not
monitored the compression pressures generated under the
bandages due to retrospective design. Some observations in-
dicate that self-application of compression wraps may pro-
duce more consistent pressures through the day than mutual
bandaging, but concurrently the patient’s subjective feeling of
strong yet not painful compression can be a sufficient reliable
guide during both applications.9 Second, we have performed
circumference measurements only at the level of the lower
legs, where compression was applied. Third, the small sample
of solely obese participants and the retrospective design of
this study imply the possibility of recall bias.

Conclusions

Earlier results demonstrate that the instruction of lay
caregivers in bandaging may provide a simple and clinically
effective solution for lower limb edema management. How-
ever, the time to the stable phase permitting for a shift from
bandaging to the wearing of compression hosiery is longer
when lay carers are performing physiotherapy. The follow-up
results indicate that both methods could similarly improve
lower limb edema. A larger prospective study is warranted.
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