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Abstract: Compression is the cornerstone of treatment for lymphoedema; however, in patients
with Stage III lymphoedema that causes a significant alteration of limb shape and size, additional
creative problem solving is required in order to find a solution that fits the person, their limb and
their personal circumstances. Medical adaptive compression (MAC) systems provide solutions to
complex situations. We present two cases of individuals who completed an inpatient rehabilitation
stay for intensive treatment of their lymphoedema and were fitted with MAC devices to ensure
long-term success.
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1. Introduction

The lymphatic system is a one-way system working together with the circulatory
system [1,2]. It is composed of a network of initial lymphatic vessels that absorb the protein-
rich fluid from the subcutaneous tissues and direct it into collecting vessels that transport
lymph [3,4]. There are three primary functions of the lymphatic system.

1.  To maintain fluid balance through collection and transport of fluid from tissue spaces
back to the systemic circulation [3,5], thus preventing fluid accumulation (oedema) in
the tissues.

2. The intestinal lymph vessels absorb protein, fat and fat-soluble vitamins from the
small intestine.

3. To promote immunity through the circulation of lymph fluid to help fight potentially
harmful bacteria and viruses [6].

Lymphoedema results from a failure of the lymphatic system and occurs when the
demand for lymphatic drainage exceeds the capacity of the lymphatic transportation [7,8].
It is a chronic, debilitating condition, which if not treated early can progress and cause
significant problems [9].
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The primary form of lymphoedema management is through complex decongestive
therapy (CDT) [10]. This involves two stages of treatment: decongestion and maintenance.
CDT utilises compression therapy, skin care, exercise and manual lymphatic drainage,
all being adapted to each patient’s needs, depending on which approach is being used,
with further treatment modalities added where necessary [10-12]. Of these modalities,
compression is considered the single most important element of treatment [13,14].

Compression can be applied in various ways including compression garments, in-
termittent pneumatic compression and multi-layer bandaging. Compression garments
are found in multiple forms including circular knit, flat knit, off-the-shelf, custom made
and medical adaptive compression (MAC) wraps [15]. The effectiveness of compression
therapy is dependent on the pressure exerted, the materials used and the right fit for the
person [14].

Lymphoedema can cause multiple difficulties including skin changes and changes to
the normal form of the leg. In these cases, additional problem solving is required in order
to apply appropriate compression to manage or improve their lymphoedema and prevent
further deterioration. This article will highlight two cases where the standard compression
stocking was not appropriate and additional options in the form of adaptive compression
wraps were required.

2. Case Study 1

Mr B is a 68-year-old gentleman who was admitted to the Foldi clinic in October 2023
for the treatment of his lower limb lymphoedema. Whilst he reports that he normally
receives manual lymphatic drainage three times per week and wears flat knit compression
stockings bilaterally on a daily basis, he indicated that during the COVID-19 pandemic,
he and his wife isolated themselves at home and therefore did not receive any regular
treatment for his lymphoedema. He experienced increased swelling, including a significant
increase in the oedema in his left thigh (see Figure 1).

.

Figure 1. Mr B on arrival at the Foldiklinik—rear view.

He is retired and lives with his wife in their own home. Mr B mobilises with a wheeled
walking frame. He is independent with personal cares and receives help for cleaning and
gardening.
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2.1. Clinical Findings/Physical Examination

On examination all vital signs were within normal range. His abdomen was non-
tender; however, there was pronounced connective tissue induration in the lower abdomen
with lymphoedema of the abdominal wall. Despite undergoing a gastric balloon implanta-
tion and an initial weight reduction of 60 kg, he presented with a Grade III obesity (BMI
52 kg/ m?).

Mr B suffered most recently with erysipelas in 2020. He has hyperuricemia with gout
attacks and arterial hypertension controlled with medication. Furthermore he reported
that hesmokes 40 packs of cigarettes per year. COPD was ruled out by a pulmonologist
in 2022. Orthopaedic diseases included knee joint arthrosis on both sides. The relevant
surgical history includes an inguinal hernia operation and dermal lipectomy of both lower
limbs in 2007. Mr B has arthropathy which reduces his mobility.

He has Stage III lymphoedema in both lower limbs with the joint contours of the knees,
as shown in Figure 2, which are completely abolished, as the tissue is lobularly altered with
clear fibrotic hyperkeratotic changes in the area of the lower legs. There was pronounced
oedema of the dorsum of the foot with a clearly positive Stemmer’s skin fold sign.

Figure 2. Mr B on arrival at the Foldiklinik—front view.

2.2. Treatment

During his 6-week lymphoedema rehabilitation stay, he received manual lymphatic
drainage twice daily and multi-layer compression bandaging 5 days per week. Bandaging
was applied from his toes to his knees on both legs. An adapted flat knit compression
device with Velcro was applied to his left thigh (Figure 3). This option was chosen because
of the great irregularity of the patient’s lymphoedema in this area and it enabled him
to maintain his mobility during the reduction phase. He also participated in movement
therapy, received skin care and advice on the adaptation of his clothes and shoes, care of
the skin fold areas, nutrition and psychological support.



Lymphatics 2024, 2

111

Figure 3. A flat knit garment was adapted to be able to wrap Mr B’s upper leg to provide sufficient
compression during therapy.

2.3. Outcomes

Mr B had a volume reduction of 3.2 L from his left leg and over 2 L from his right leg
(see Table 1). He had a significant reduction in fibrosis in both legs with a major reduction in
skin folds. Although not formally measured, he indicated an improved quality of life as his
mobility improved as did his independence with personal cares. He was fitted with below
knee flat knit class 2 compression garments with a toe cap that he was able to don and doff
with assistance from his wife. He was also supported by his wife at home regarding the
management of his compression garments.

Table 1. Mr B left and right leg volume measures.

Left Leg Right Leg
Vol. Upper!  Vol. Lower 2 Limb Vol 3 Diff 4 Vol. Upper!  Vol. Lower 2 Limb Vol 3 Diff 4
10 October 2023 13,548.34 16,947.61 30,495.95 9512.6 8329.34 17,841.94
15 November 2023 10,971.75 16,337.18 27,308.93 —3187.02 7684.52 8138.99 15,823.51 —2018.43

1 Calculated volume of the upper leg. 2 Calculated volume of the lower leg. 3 Calculated volume of the whole leg.
4 The difference in whole leg volume from admission to discharge.

The major challenge for Mr B was finding an appropriate solution for his left thigh.
Given his weight and reduced mobility, he was not able to independently manage waist-
high or thigh-high garment options.

Two thigh piece adjustable compression wraps were sourced from Juzo (Figures 4 and 5).
A major advantage of the wraps was that they could be applied with upward pressure on
the straps of the garment, to support the shape of his leg and provide compression from the
knee up towards the hip. The Velcro ends mean they can be adjusted throughout the day
as ongoing volume reduction occurs to ensure continual pressure and therefore continue to
progress the positive results of his inpatient stay. The flexibility from the long arms made it
possible to fit the wraps on his complex limb shape.
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Figure 4. Wearing the adjustable compression wraps on his left thigh—front view.

Figure 5. Rear view of the adjustable compression wrap thigh pieces.

As Mr B is also supported at home by his wife, the thigh compression needed to be
easy to manage both by Mr B and by his wife. Given the unusual form of his leg, the
wraps made it easier for someone else to help don and doff, as well as enabling easy wear
and care.

For this complex presentation, a combination of lower limb compression garments
and upper limb compression wraps enabled the perfect solution that both maximised the
lymphoedema management as well as enabled increased quality of life.
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3. Case Study 2

Mr M is a 40-year-old gentleman who was admitted for treatment of his lymphoedema
in September 2022. Mr M has a disability and lives with his parents who are the primary
carers. Due to the patient’s brain damage in early childhood, with limited intelligence and
clear behavioural abnormalities, therapy is only possible in the company of his mother. She
therefore assists in all aspects of his lymphoedema management.

At home, he receives two hours of manual lymph drainage per week and wears knee-
high compression stockings bilaterally. He has significant localised oedema on his right
foot which was very limiting for Mr M because he could not wear shoes properly. He has a
history of recurrent cellulitis, with the foot oedema previously causing him to have friction
sores and therefore more erysipelas.

3.1. Clinical Findings

Mr M presented with a BMI of 55 (height 170 cm and weight 159.1 kg). He had
Stage III lymphoedema in both lower limbs with his right leg ballooned, distended, and
firmly interspersed with tissue, lymphatic cysts and hyperkeratoses distally increasing
firm connective tissue areas (see Figure 6). The ankle contour was no longer definable
and the rearfoot was massively cushion-like, overhanging over the toes with deep-pitting
oedema under strong pressure. There was also deep-pitting oedema over his lower leg.
The lymphoedema spread slightly over the knee region to the thigh, especially medially
where there was still some pitting oedema.

(©) (d)

Figure 6. Photos of Mr M’s right leg and foot on arrival at the Foldi clinic: (a) front view feet; (b) right
foot medial view; (c) right leg view from the back; (d) right leg lateral view.
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The left lower leg was columnar, massively increased in volume and interspersed with
tissue with deep-pitting oedema. His ankle contour was not evident, with the back of the
foot on the left also cambered. His toes were more clearly affected. Stemmer’s skin fold
sign was strongly positive bilaterally.

Mr M had reduced mobility of his lower limbs with a hip flexion of 90 degrees. He
was able to lift his legs; however, due to the severity of his lymphoedema, this was very
laborious, especially on his right leg.

3.2. Treatment

As per Mr B, Mr M received manual lymphatic drainage twice daily and multi-layer
compression bandaging 5 days per week. He was strongly encouraged to move and
participated in sport groups and movement therapy. He received skin care advice and,
together with his mother, was encouraged to be actively involved in his inpatient care.

3.3. Outcomes

Mr M responded really well to the decongestive therapy, and over the course of his
4% week inpatient stay, had a volume reduction of 3 L in the left leg and almost 7 L in the
right leg (see Table 2 and Figure 7). The localised oedema on the dorsum of his feet reduced
significantly. Unfortunately, his rehabilitation ended earlier than planned due to a family
emergency.

Table 2. Mr M lower limb volume measures.

Left Leg Right Leg
Vol. Upper!  Vol. Lower 2 Limb Vol 3 Diff 4 Vol. Upper!  Vol. Lower 2 Limb Vol 3 Diff 4
21 September 2023 7446.52 6422.56 14,717.47 12,705.51 7999.44 20,704.95
23 October 2023 5254.67 6433.56 11,688.23 —3029.24 6526.65 7356.99 13,883.64 —6821.31

! Calculated volume of the upper leg. 2 Calculated volume of the lower leg.  Calculated volume of the whole leg.
4 The difference in whole leg volume from admission to discharge.

(b)

Figure 7. Mr M after decongestive therapy: (a) front view legs; (b) right foot top view.

The major challenge for Mr M was finding a long-term solution to maintain the
improved status of his lymphoedema. He had previously been issued with standard knee-
high stockings; however, his mother indicated that with her increasing age, and Mr M’s
increased weight, she was finding it extremely difficult to comply with the daily use of the
stockings. A solution was required that provided appropriate, ongoing compression and
fitted with the needs of the family in terms of donning and doffing.

A combination of an adapted Jobst class 2 foot piece and adjustable compression
wraps from Juzo was successfully trialled and prescribed for him. The foot piece (Figure 8)
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was used to provide appropriate compression for his distal forefoot, with the adjustable
compression wrap (Figure 9) providing compression for the rest of his right foot and leg.
This system, with the multiple separate components (foot piece (Jobst), foot piece, leg piece,
knee piece, thigh piece (Juzo)) meant Mr M’s mother could effectively assist him to don
the compression therapy daily and thereby prevent the deterioration of his lymphoedema.
Additional inserts in the form of wavey foam were also able to be layered underneath the
wraps to provide additional, ongoing decongestive therapy as required.

Figure 8. Jobst class 2 foot piece.

Figure 9. Mr M was fitted with an adjustable compression wrap from Juzo.
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4. Discussion

Compression is an essential cornerstone of lymphoedema management. However,
in order to be effective, it needs to fit with the person, be easily donned and doffed, be
tolerated throughout the day and offer maximised function/mobility. Whilst compression
garments have traditionally been either flat knit or circular knit stockings, in recent years
medial adaptive compression (MAC) devices, also known as adjustable compression wraps
(ACW), or adjustable Velcro compression devices (AVCD) have become available. MAC
devices are low-stretch compression wraps which apply firm, even pressure on affected
areas. They can be easier to put on and off in comparison to flat knit stockings, especially
when needing assistance from a care giver. MAC devices can be applied at different
pressure levels and can be easily readjusted during the course of the day by the care giver
or the patient [16], making them responsive to ongoing decongestive therapy.

Studies have shown that MAC devices are effective in both the decongestive stage
and the maintenance stage of CDT [17-19]. Mosti and Cavezzi [17] found that MAC
devices were more effective for volume reduction than bandages when used during the
initial decongestive treatment phase. Ochalek and Kurpiewska [18] also report clinically
significant volume reductions in patients using MAC devices for decongestive treatment;
however, in their study, there was an equal or better volume reduction for the patients using
bandages. ReifShauser and Kornappel [19] suggest that MAC devices are also effective
during the maintenance phase of lymphoedema, particularly for patients who require
assistance donning and doffing garments.

Complex presentations of lymphoedema often require creative compression solutions
and considering a combination of compression options is warranted. From Stage II lym-
phoedema onwards, the swelling is chronic (i.e., irreversible) [20]. In addition to the pure
increase in circumference or volume of the affected limb, there is also a chronic inflam-
matory change in the interstitium and fibrosis (a hardening of the skin and subcutaneous
tissue) develops [4]. The test for pitting oedema is more difficult to perform and requires
more pressure. The overall severity of the lymphoedema is much more pronounced and
can lead to disability and severely limited functioning of the limb [4]. Our case studies
have shown that MAC devices can be a particularly great option for unusual limb shape
and for the situation when assistance is required from a care giver.

Ongoing effective management of lymphoedema depends on the ongoing, daily use
of compression garments to maintain the reduction achieved during an intensive phase of
treatment. These two patients both needed help from their caregivers to don and doff their
compression garments, thereby making the MAC the ideal solution for them.

5. Conclusions

Complex physical therapy (manual lymphatic drainage and multilayer compression
bandaging) decreases the size of lymphoedema. Tailored compression garments are nec-
essary to maintain the volume of lymphoedema. In Stage III lymphoedema, the irregular
lymphoedema volume and altered limb shape may make it difficult to use a compression
garment. Therefore, the use of compression wraps with adjustable Velcro segments to this
irregular surface could be the solution to ensure ongoing compression in these patients.

The longer the patient maintains the reduced volume of lymphoedema achieved
during therapy, the greater their functionality, quality of life and independence.
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