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ABSTRACT

The purpose of this study is to stress the value of using intermittent pneumatic compression (IPC) in immobile
patients. The use of IPC helps prevent limb oedema and the associated skin changes frequently seen on the legs
of the immobile patient. Oedema formation is caused by an increase of fluid extravasation, while skin changes
including leg ulcers are mainly because of a deficiency of the venous and lymphatic pumps. Conventional
compression stockings and bandages impede leg swelling but are less efficient in supporting the deficient veno-
lymphatic pump when patients are unable to move. In this situation, actively compressing the limb using IPC is
a very meaningful and effective treatment option. Because of a lack of literature on the specific indication of IPC
in immobile patients, experimental studies and randomised controlled trials in similar situations are reviewed. IPC
is a very effective although underused treatment modality, especially in immobile, wheelchair-bound patients. By
inflation and deflation of the air-filled garments, IPC produces cycles of pressure waves on the leg, thus
mimicking the working and resting pressures applied by compression bandages. IPC not only reduces leg swelling
but also augments the veno-lymphatic pump, which is essential for the restoration of the damaged

microcirculation of the skin.
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INTRODUCTION
In correlation with the steady increase in life
expectancy in our western world, there is
a growing population of patients with restricted
or completely absent mobility. These patients are
often bound to wheelchairs and are threatened
by several immobility-related medical problems.
Immobile patients sitting still for prolonged
periods of time with their legs dependent will
experience impairment of the venous and
lymphatic return, resulting in swelling of the
lower extremity and skin changes. In addition,
lack of movement may also create problems for
the general circulation, have a negative impact
on the joints, promote demineralisation of the
bones (1) and may even promote heterotopic
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ossification (2). Conventional compression ther-
apy (bandaging/hosiery) applies a static force
to the tissues of thelimb and relies on a change in
the patients muscle tone to create the correct
sub-bandage pressure to augment venous and
lymphatic return and thus reduces swelling.
However, in immobile patients, this change in
muscle tone as a result of standing or ambula-
tion is not possible because of the inability of the
patient to perform these physical movements.
Therefore, the deciding driving force of compres-
sion for venous and lymphatic return consisting
of pressure waves in response to a change in the
muscle tone during movement is missing. Espe-
cially in this situation in which the active venous
calf muscle pump does not work, the assistance
of venous return by intermittent pneumatic
compression (IPC) is a rational approach.
Although experience has shown that IPC is
avery effective and gratifying treatment modal-
ity in immobile patients, no specific references
for this indication can be found in the literature.

Key Points
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o the following review is mainly
based on experimental studies
and theoretical concepts that
have shown a wide variety of
beneficial effects when using
this form of active compression
therapy
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® a lack of venous transport in
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etrating from the small blood
vessels into the tissue causing
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Therefore, the following review is mainly based
on experimental studies and theoretical con-
cepts that have shown a wide variety of
beneficial effects when using this form of active
compression therapy.

THE VENOUS AND LYMPHATIC
RETURN FROM THE LOWER
LIMBS: A DELICATE

MECHANISM

The upright position of the human being and the
physical force of gravity make the venous return
from the leg difficult. In the leg, venous blood
has to be pumped up against gravity towards
the heart. This is achieved mainly by the action
of the venous pump consisting of two major
components: the (active) muscle contractions
followed by movement of the joints and the
(passively reacting) venous valves that prevent
retrograde blood flow. Failure of the venous
pumping mechanism can occur because of
a lack of movement (immobility), an incompe-
tence of the venous valves or a combination of
the two (3).

Deficiency of the venous pump

because of valvular incompetence

In mobile patients with incompetent venous
valves, refluxes of blood in a retrograde direc-
tion will prevent the peripheral venous pressure
falling with each step. The consequence of this is
ambulatory venous hypertension, which is the
deciding pathophysiological parameter charac-
terising the severity of venous insufficiency.
Blood will only be able to flow from the
capillaries and venules into the larger veins if
the transport in the larger vein segment is
unimpeded. Little is known concerning the role
of venous valves within the venules, but it
may be assumed that they are of major im-
portance for the development of regional skin
changes on the leg. The target organ of all these
changes in the venous macrocirculation is the
microcirculation.

At this microcirculatory level, increased
leakage of fluid containing large molecules like
proteins and blood cells will occur and the
lymphatics will be stimulated to compensate for
this increase of what is called the ‘lymphatic
load’. Consequent changes in the tissue can be
described as a chronic inflammatory process
that is responsible for skin changes including
ulceration (4).

Deficiency of the venous pump

because of immobility

Already; a stiff ankle is associated with a restric-
tion of the venous pumping efficiency because
of a reduction of the active calf muscle pump.
It could be shown that a reduced range of ankle
mobility is associated with ambulatory venous
hypertension and with the clinical severity of
venous disease (5).

Sitting still with dependent legs leads to
venous stasis. Duplex ultrasonography has
shown that leg dependency leads to a haemody-
namic impairment of the venous return and
reduces blood flow velocity in the deep veins by
more than 50% in comparison to the supine
position (6). IPC of the foot and calf during
sitting simulates the venous calf muscle pump,
activated by walking. It can be shown thatactive
compression therapy (IPC) of theleg has a similar
physiological impact to walking and leads to
areduction of the peripheral venous pressure (7).

Deficiency of the lymphatic pump
because of immobility

Movement of the lower limbs is not only the
driving force of the venous pump but also an
important mechanism for the lymphatic trans-
port, playing an important role not only for the
rhythmic opening of initial lymphatics because
of pressure changes in the tissue but also for the
spontaneous contractions of the large lymph
vessels that are stimulated by muscle contrac-
tions (8).

Long-standing oedema will turn into lym-
phoedema when the compensatory mechanism
of increased lymph drainage is exhausted and
the propelling mechanism of rhythmic stimula-
tion on the spontaneous contraction of the
lymphatics fails. This will lead to induration of
the skin and promote the development of
ulceration.

CLINICAL CONSEQUENCES OF
VENOUS STASIS

Oedema

The physiological deficit of venous and lym-
phatic flow in the lower extremity because of
immobility has been called ‘stasis’. A lack of
venous transport in the large veins will lead to
a stagnation of blood in the microcirculation
with fluid penetrating from the small blood
vessels into the tissue causing oedema. This
form of swelling is a physiological phenomenon
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that can be observed in every individual after
prolonged sitting. A typical example is the well-
known swelling of the legs after long flights (jet-
leg). Leg oedema in patients with restricted
mobility (Figure 1) and especially in wheelchair
patients may be extremely severe and may
additionally impede already restricted mobility
of the ankle joints. Sometimes, the weight of the
lower legs increases to the point where the
patient can no longer lift the extremity.

Skin changes

On the lower leg, skin changes include stasis
dermatitis (eczema), pigmentation, lipoderma-
tosclerosis and white atrophy, which often
ulcerates. A failure of the calf pump owing to
immobility causes a steady increase of the
venous pressure in the depending parts of the
leg. This sustained venous hypertension leads to
changes in the microcirculation, which can be
described as a chronic inflammation (4). An
increased extravasation of fluid from the capil-
laries into the tissue that cannot anymore be
compensated by an increased lymph drainage
causes oedema, and the diffusion of large
protein molecules stimulates fibrosis. Red blood
cells penetrating into the skin are the basis for
the developing pigmentation.

Ulcers

The above-mentioned inflammatory process
may be so severe that ultimately the skin
ulcerates. In our outpatients, about 70% of leg

Figure 1. Oedema because of immobility. Swelling of both
distal lower extremities in a patient with restricted walking
ability because of Parkinson's disease. As can be seen, the
pressure of the upper edges of the socks (about 5 mmHg) is
already effective to reduce swelling.

ulcers are caused by venous insufficiency, 20%
are seen in patients with arterial obstructions
(frequently combined with venous refluxes) and
in approximately 10%, other pathologies are
of underlying importance. Gravity plays the
deciding role for the prevalence of skin defects
on the distal parts of the lower extremity in all
sorts of leg ulcers. In immobile patients present-
ing with leg ulcers, oedema because of stasis will
further impede the exchange of nutritional
substances between the blood capillaries and
the tissue so that the ulcers will not heal (9).

THERAPEUTIC MODALITIES
USED TO REDUCE OEDEMA AND
AID VENOUS LEG ULCER
HEALING

Diuretics

As long as immobility persists, there will be no
chance to eliminate the pathophysiology of
stasis and all the clinical consequences that have
been described above. In daily practice, diu-
retics are frequently prescribed to improve leg
oedema. It should be considered that long-term
intake of diuretics is contraindicated because it
will damage the physiological regulation of the
renin-angiotensin mechanism with the conse-
quence of ‘diuretic-induced” oedema (10).

Compression stockings

Medical compression stockings have been
proved by evidence-based medicine to be
effective in several clinical situations (11). Main
indications for light stockings are the prevention
of leg oedema after prolonged sitting and
standing and venous thromboembolism in
bedridden patients. Higher compression classes
are used for the maintenance treatment after
deep vein thrombosis and lymphoedema to
prevent a postthrombotic syndrome and after
healing of venous ulcers to prevent recurrence.
Especially, after a venous ulcer is healed, the
consequent wearing of compression stockings is
clearly cost-effective (12).

However, patient’s concordance to compres-
sion hosiery is often less than optimal. In one
study, only 52% of the patients reported wearing
stockings every day for the first 6 months after
their ulcers had healed (13). Two factors dis-
tinguished those patients who wore stockings
from those who did not 75% of the time: the
belief that wearing stockings was worthwhile
and the belief that stockings were uncom-
fortable to wear. In a survey on the use of
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compression stockings in pregnant women, 18%
of the non wearers found them uncomfortable
(14). There are no data available that look at the
use of stockings for immobile patients and the
concordance of this patient group. It may be
assumed that uncomfortable feelings will occur
especially when the stockings do not fit exactly.
This may be extrapolated from studies looking
at the use of thromboprophylactic compression
stockings in bedridden patients. A reversed pres-
sure gradient has been described, which may
exacerbate stasis and oedema (15). Elastic com-
pression stockings with a pressure of more than
20 mmHg may not be tolerated over night
because of the too high resting pressure caused
by the recoiling force of the rubber-like elastic
fibres; so, they should therefore be removed
before going to bed. Sometimes, nursing services
arerequired to apply the stockings in the morning
and remove them in the evening. Clearly, such
a service is expensive and not cost-effective.

The findings of several experimental studies
have reported that the main action of compres-
sion stockings is on leg swelling and the
microcirculation of the skin. The pressure of
the stockings to effectively narrow the veins in
the upright position is too low to produce strong
haemodynamic effects (16). This is especially
also true for the immobile patient sitting in
a wheelchair with dependent legs.

Compression bandages

In contrary to stockings, skilfully applied
bandages may stay on the leg for several days.
This is especially true for multi-component
bandages with high stiffness. Single-layer
bandages using elastic material are similar to
stockings and should be removed over night.
There is ongoing debate whether immobile
patients would benefit more from elastic than
from inelastic material. Recent data showed
a superiority of inelastic bandage systems
concerning ulcer healing in patients with
restricted mobility of the ankle joint (9). In the
mobile patient, stiff (inelastic) bandages do not
give way during walking. It can be shown that
the high interface pressure peaks during walk-
ing are able to overcome the intravenous
pressure during muscle systole, thereby inter-
mittently occluding superficial and deep leg
veins. This periodic compression acts like an
artificial valve, leading to a reduction of venous
reflux and of ambulatory venous hypertension
in patients with venous insufficiency (16).

Compression bandages are the basic conser-
vative treatment modality in patients with leg
ulcers. Inelastic bandages and bandage systems
are usually applied with considerable pressure
and may stay on the leg for several days.
However, good bandage application requires
well-trained staff, and the bandage material is
not cheap, especially when it cannot be washed
after use and has to be discarded. In real life,
there is poor consistency concerning the use of
correctly applied bandages mainly because of
insufficient training, even in experienced
centres. The variability of pressure among
different bandagers is very high, and there is
a considerable chance of too high or too low
pressure bandages (17). Bandages applied with
a too low pressure (or with the incorrect
pressure gradient) may result in suboptimal
outcomes for the patient (i.e. poor response to
treatment, prolonged treatment times, addi-
tional cost, etc.). Applying bandages with too
much force (and/or the incorrect pressure
gradient) can result in pressure ulceration to
the limb or obstruction of the arterial blood flow
to the extremities, resulting in tissue necrosis.
Hafner et al. showed that after the appropriate
training, deviation from the target pressure of
35-45 mmHg reduced from 8-4 (95% CI 0-34-1)
to 3-5 mmHg (95% CI 0-14) and that applica-
tion of potentially dangerous pressures (up to
120 mmHg) could be avoided (17). Another
important drawback of compression bandaging
is the immediate drop in interface pressure,
which can be as significant as a 25% reduction
in pressure 2 hours after application. This is
especially true of inelastic bandages (18). This
dropin pressure is mainly because of a reduction
of oedema and needs to be corrected by frequent
renewals of the bandage, especially in the initial
treatment phase of oedematous limbs. In the
immobile patient, a compression bandage of
high stiffness that is tolerated day and night will
therefore reduce oedema after application as
long as the interface pressure exceeds the tissue
pressure. As soon as equilibrium is reached,
oedema will refill again.

The advantage of bandages that produce high
pressure peaks during walking thereby exerting
a massaging effect does not come into play in
immobile patients. Iglesias et al. reported that
ankle mobility is directly correlated to the
likelihood of ulcer healing and that people with
greater ankle mobility had a higher healing
rate regardless of whether a four-layer or
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short-stretch bandage system was used (19).
Therefore, the less mobile the patient, the
greater the reduction in ankle mobility and the
less benefit the patient will receive from these
traditional bandage systems. In these patients,
an alternative method of limb compression
should be considered as a first-line intervention
in patient treatment.

INTERMITTENT PNEUMATIC
COMPRESSION
When dealing with immobile patients or those
with impaired mobility, it is imperative to con-
sider which type of compression will help reduce
tissue oedema and improve venous return. The
use of an intelligent active compression therapy
system (IPC) may have benefits above and
beyond the use of a conventional (static) com-
pression bandage wrapped around a limb where
the calf muscle pump is unable to activate.
Active compression therapy by IPC does not
only exert the required pressure to the leg at the
correct gradient but also mimics rhythmic
muscle contractions in a situation in which such
active movements are restricted or entirely
absent. IPC can be used either alone on the limb

Table 1 Effects of IPC on several physiological parameters

or over compression hosiery or compression
bandages. The haemodynamic consequences
that can be measured are comparable to those
in a walking individual (7,20). The beneficial
effects of IPC have been shown in multiple
experiments (21), and examples of the data
demonstrating changes of physiological param-
eters are summarised in Table 1. The experi-
mental set-ups including the IPC systems used
showed a wide variation so that only approxi-
mate main results are given.

Although IPC and compression bandaging
are markedly different medical devices, the
physiological impact of IPC upon a limb
(Table 1) will be very similar to that of conven-
tional compression devices for many of the
parameters listed in Table 1 (22). It must be
stressed that the majority of research studies
concerning the microcirculation and its associ-
ated mediators have been undertaken using IPC
rather than conventional compression devices.
Although it may be assumed that short-stretch
bandages during walking will exert similar
effects, clear results are missing.

Numerous IPC systems with various cycle
times, inflation pressures and garment design

Effects of IPC

Main results of the quoted studies

Venous pressure Decrease (7)

IPC (foot + calf) 120-140 mmHg, frequency of three to four

impulses/minute and 1-second delay provided the most pronounced
pressure decrease in healthy limbs

Increase (37)
Expulsion (38)

Venous velocity
Foot/calf venous volume

Significant increase in venous velocity (26 normal individuals, femoral vein)
Venous volume expelled with IPC (calf) and IPC (foot + calf) was 2-25

and 3-3-5 times than that with IPC (foot) (20 normals, 25 claudicants,
femoral and popliteal vein)

Skin blood flux Increase (39)

Increase of laser Doppler flux on the big toe +57-66% (15 patients with

arterial occlusive disease and 15 normals)

Partial oxygen tension Increase (39)

Increase of tcPO2 +8% in 15 patients with arterial occlusive disease,

+10% in 15 normals

Upregulation of eNOS mRNA expression by a factor of 2-08 + 0-25 and

2-11 4 0-21, respectively at 6 hours in cultured human umbilical
vein endothelial cells

Highest mean reduction in limb volumes with pressure of 40 mmHg,

10-second deflation, 15-second inflation time

Nitric oxide Increased release (40)
Oedema Decrease (24)
Fibrinolysis Increase (41,42)

tPA increase in normals: 3-8 &+ 1-9%

Decrease in plasma tPA-Ag: —12-4 + 3-8% (normals)

—17-2 £ 3-1% (patients with postthrombotic syndrome)

Decrease of PAI-1-Ag: —13-4 + 3-8% (normals)

—12-0 + 3-1% (patients with postthrombotic syndrome)

Suppression of pro-coagulant activity (TFPI) and enhancement of
fibrinolytic activity (tPA) (20 healthy male volunteers)

IPC, intermittent pneumatic compression; eNOS, endothelial nitric oxide synthase; PAI-1, plasminogen activator inhibitor 1; TFPI,

tissue factor pathway inhibitor; tPA, tissue plasminogen.
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by laboratory based measure-
ments and verified by clinical-
studies

o these effects result in a wide
recognition of this treatment
modality in guidelines in which
the use of IPC is recommended
for several indications
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have been developed whose primary aim is to
assist venous return. One example of such
systems can be seen in Figure 2. In addition to
the beneficial effects on venous macrocircula-
tion, several important consequences of IPC in
the microcirculation are reported by laboratory-
based measurements and verified by clinical
studies (Table 1). These effects result in a wide
recognition of this treatment modality in guide-
lines in which the use of IPC is recommended for
several indications (Table 2) (23).

INDICATIONS FOR IPC PROVED
BY EVIDENCE-BASED MEDICINE
Table 2 summarises the Guidelines of the
German Society of Phlebology, which are based
on a review of randomised controlled trials and
meta-analyses (23). The listed recommenda-
tions to use IPC were judged to be of high (A)
or medium (B) quality.

No specific randomised controlled trials have
been performed in the situation of swollen legs
because of prolonged sitting with or without
ulceration. The vast majority of clinical trials
were performed in the field of thromboprophy-
laxis after surgery, demonstrating impressive
effects by tackling the pathomechanism of
stasis. As we know, because of the important

Table 2 Indications for active compression therapy (intermit-
tent pneumatic compression) (41)

Quality of

Indications recommendation
Prevention of venous thromboembolism A
Faster healing of venous ulcers A
Subjective symptoms* in B

postthrombotic syndrome
Oedema reduction in lymphoedema A
Reduction of posttraumatic and A

post surgical oedema of the leg
Improved ulcer healing in diabetic foot A
Reduction of sensory impairment B

after stroke
Improvement of arterial circulation A

in patients with arterial occlusive

disease

*Typical subjective symptoms assigned to venous pathology are
heaviness, swelling and itching, pronounced after long standing
or sitting and in a warm environment.

work of Rudolf Virchow, the reduction of blood
flow velocity (stasis) is one of the three deciding
underlying factors triggering thrombosis (the
other two being increased blood coagulation
and damage of the endothelium). The thrombo-
prophylactic efficacy of IPC in the immobilised

Figure 2. An example of two current active compression therapy systems that are suitable for the immobile patient.
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patient after surgery may therefore be taken as
a model for the haemodynamic effects in
patients who are immobilised because of other
reasons.

IPC IN THE HOME
ENVIRONMENT

While most of the clinical trials have been
performed in hospitals where IPC is used
primarily for thromboprophylaxis, the long-
term use of pneumatic compression devices in
home care medicine has not become routine up
to now. Especially, for patients who are unable
to apply or unable to tolerate compression
bandaging (or hosiery) and who are sitting in
wheelchairs, daily application of IPC for several
hours would stimulate blood flow and counter-
act oedema. Active compression therapy (IPC)
can be effectively used either in addition to or
instead of compression bandaging/hosiery.

Immobile patients often develop refractory
leg oedema, which occurs because of the
lymphatic system being unable to cope with
the increased lymphatic load resulting in a pro-
gressive induration of the tissue. This condition
responds poorly to the usual treatment of
compression bandaging/hosiery and is a grati-
fying indication for IPC.

An ideal indication for active compression
therapy is the wheelchair-bound patient with
swollen legs. Where additional ulcers present,
these will not heal as long as the oedema is
present. In this situation, IPC will not only
enhance venous blood return but also decrease
oedema, both factors that will promote ulcer
healing.

WHICH IPC SYSTEM FOR WHICH
INDICATION?
There is currently no ‘gold standard” IPC
treatment advocated for any of the medical
conditions that can be treated with IPC, but
numerous compression profiles (cycle times and
inflation pressures) work for a wide range of
patients and for a wide range of conditions.
Few studies have compared single-chamber
and multiple-chamber devices. Also, compar-
isons between different variables of IPC devices
like inflation time, exerted pressure and pres-
sure-free intervals are sparse (21,24,25). Besides
thromboprophylaxis in the postoperative phase
(26), beneficial effects of IPC have been found in
arterial occlusive disease (27-29), rheumatoid
flexion deformities of the knees (30), fractures

(31,32), reduced bone density (33) and venous
ulcer healing (34,35).

The use of active compression therapy (IPC)
to simulate the haemodynamic action of normal
ambulation and to enable non ambulatory
patients to maintain a pulsatile venous blood
flow may be achieved by different IPC products
that are on the market.

PRACTICAL CONCLUSIONS
Swollen legs in immobilised patients frequently
associated with non healing ulcers are a com-
mon and costly problem in hospitals, nursing
homes and especially in the home environment
of elderly patients. The average cost of treating
an ulcer has been estimated between EURO
1332 and EURO 2585 in Sweden and from
EURO 814 to EURO 1994 in the UK (36).
Adequate compression treatment is the therapy
of choice. The use of conventional bandages or
stockings is often limited by patient mobility,
patient concordance and the inability of the
patient to apply such devices so that daily
nursing services may be required. A very
effective alternative that should be considered
as a key front-line treatment is the use of IPC,
which applies an active compression to the limb
that will not only reduce oedema but also
promote venous blood flow and help expedite
venous ulcer healing. Evidence-based medicine
data are available showing beneficial effects
concerning oedema reduction and ulcer healing
when using IPC.

For the situation of the immobilised patient,
specific trials are to be recommended.

Principle differences of compression
devices in immobile patients

e Compression stockings exert a sustained
pressure and are mainly used for main-
tenance therapy to prevent refilling of the
leg with oedema.

e Compression bandages can be applied
with a higher pressure and are mainly
used for the initial therapy to treat
dependency oedema. The main action of
bandages to produce high pressure peaks
with ankle movement does not work in
immobile patients.

e IPC is an intelligent solution in this
situation by producing cycles of pressure
waves mimicking working and resting
pressure of bandages by inflation and
deflation of the pump.
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