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A new approach to the management of wounds of the extremities
Controlled environment treatment and its derivatives g

R. G. REDHEAD and C. SNOWDON

The Biomechanical Research and Development Unit, London

Abstract

Controlled Environment Treatment is a new
approach to wound management—for the first
time it provides the surgeon with the means of
controlling and optimizing the wound environ-
ment for the duration of the healing period.
Equipment is commercially available and the
technique is now being applied internationally;
the technique has been established for the treat-
ment of limbs—application to the trunk requires
further investigation and development.
Spin-offs have already occurred, one being
the control of certain types of lymphoedema by
the patient in their own home; the other con-
cerns the application of plaster of Paris to
produce casts having significantly superior
physiological characteristics using minimal
manipulative skills. The former is known as
Pressure Environment Treatment, the latter is
known as Controlled Pressure Casting; equip-
ment is commercially available internationally.

The treatment and healing of wounds on the limbs
General philosophy

The rate at which a wound heals is governed
by the metabolic processes in the adjacent
tissues; in ideal conditions the healing time
becomes a minimum, but external conditions
can impair the local metabolic processes which
in turn will result in delayed healing. A wound
management system should therefore endeavour
to provide a wound environment which does not
impair the natural processes.

Ideally, a wound management system should
permit an adequate tissue response to the
stimulus of injury and actively prevent any over-
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response such as excessive oedema. The system
should not interfere with the normal vascular
and lymphatic circulation; indeed it is advan-
tageous if these circulations are positively
assisted. The system should prevent bacterial
cross-infection and should control the pro-
liferation of the skin-borne bacteria. It should
prevent the occurrence of complications such as
the formation of a haematoma. Visual observa-
tion of the wound and palpation of the tissues
without disturbing the environment, would
permit the early detection of complications and
the implementation of relevant remedial action.
When healing is complete, the system of treat-
ment should not retard the resolution of the side
effects of the mechanisms of tissue repair; this
is of special importance in relation to the
persistence of residual oedema which may cause
considerable delay in the final rehabilitation of
the patient.

Present methods of wound management
usually entail the application of a clinical
dressing held in place by a soft bandage, a
pressure bandage, or a rigid plaster cast. The
effect of these dressings on the wound and on
the adjacent tissues, and also on the conditions
of the environment surrounding the wound, is
very dependent upon the skill and experience of
the person applying the dressings; furthermore,
these conditions can be radically changed—for
instance by a change in tissue volume. Once
applied, the conventional dressings are passive;
any attempt to readjust the influence of the
dressing requires removal and re-application
with consequent mechanical disturbance and
exposure to cross-infection. Bleeding and wound
exudate establish moist warm conditions which
favour bacterial proliferation. The inability to
observe the wound until the dressing is removed
may result in complications remaining hidden
until other symptoms indicate that all is not
well at the wound site; remedial measures are
consequently delayed.
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air leak allows a continuous passage of air
through the bag enabling both temperature and
humidity to be controlled. This controlled air
leak is provided by a single layer of knitted
stockinette which is placed over the limb in the
region of the bag seal; it is important that this
stockinette is in place. Additionally this prevents
the seal vibrating and emitting an undesirable
raucous noise. The positive pressure gradient
that is maintained at all times between the inside
of the bag and the outside atmosphere, prevents
the re-entry of any non-sterile air past the
pleated seal. The control console does not
incorporate a preset relative humidity control,
but raising the temperature of the ambient
atmosphere to bag temperature produces a
relative humidity within the bag of about 20 %,—
which has a significant drying effect.

The treatment is maintained for 24 hours a
day for the duration of the healing period.

By the early part of 1974, sufficient clinical
experience had been accumulated in the U.K.
at Queen Mary’s Hospital, Roehampton, and
by the Prosthetic Research Study at Seattle,
U.S.A,, to indicate that the Controlled Environ-
ment Treatment offered significant clinical
advantages over the current/classical wound
management technique in the fields of amputa-
tion and hand surgery.

The use of the equipment was extended, and
by 1975 5 Centres in the U.K. and 5 Centres in
the U.S.A. were using it in the fields of:

a. Amputations of the leg for

i. Vascular disease including diabetic gan-
grene

ii. Non-vascular causes

b. Hand surgery for
i. Dupuytren’s contracture
ii. Re-implantation surgery
iii. Syndactyly
iv. Arthroplasty

c. Burns of the extremities

d. Post-traumatic oedema of the extremities

i. Acute Closed
ii. Chronic trauma

e. Chronic obstructive lymphoedema

-

. Ulceration of the lower limb
i. Gravitational (varicose)
ii. Diabetic

In order to compare the performance of this
form of treatment over conventional forms of
wound management several independent
colleagues were involved in the conduct of a
formal trial. After attempting to collect infor-
mation for a twelve month period, experience
clearly indicated that the combined effects of
(i) limited equipment availability, (ii) small
sample population, (iii) inability to stabilize
the surgical, the nursing and the range of
physiological conditions, and (iv) the problems
of attempting to quantify such qualitative
parameters as pain and oedema, have made
rigorous statistical analysis difficult and of
debatable value.

The generation of clinical opinion based on
clinical experience was however much more
positive and generally convinced most colleagues
that this form of treatment was beneficial. Since
1976 a much wider and more extensive back-
ground has been accumulated and may have
regularized its use. Success is not universal and
there is a minority of cases where enthusiasm is
either lacking or is muted; nevertheless—to the
best of our knowledge—there is no instance of
the treatment adversely affecting the progress of
the patient.

A summary of clinical opinion could be
stated as:—

(i) In all applications CET is effective in the
reduction of pain and oedema;

(ii) in hand surgery, it presents no obstacle to
the early mobilization of the joints and con-
sequently appears to result in a more rapid
restoration of function;

(iii) in amputation surgery, the stump at the
end of the healing period is more mature and
dimensionally stable;

(iv) both (ii) and (iii) above have implications
in the cost of subsequent rehabilitation;

(v) provides the additional aid to circulation/
healing processes thereby promoting healing
of ““marginal” cases which, having healed, do
possess adequate circulation to maintain
tissue viability (Fig. 5).
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way. The wet, unset assembly is now placed
inside a thin walled plastic film bag and the
whole pushed into a CET treatment bag; it is
imperative that the open proximal end of the
plastic film bag and the stockinette must extend
through the fluted seal of the CET bag and be
free to atmosphere. Inflation of the CET bag
with air to the desired pressure will resuit in air
being expelled to atmosphere from the wet
plaster/stockinette assembly, and because the
plaster is still fluid, the plaster strips and plaster
will be held against the tissues at a pressure
equal to that of the air in the CET bag. This
state is maintained until the plaster has set,
whereupon the limb with its shell cast can be
removed from the inner plastic film bag. This
shell is strong, but it is advisable to reinforce it
with plaster bandage wound on in the conven-
tional way until an acceptable thickness is
achieved.

This process involves transfer of pressure
from one medium to another and it is absolutely
essential that the plaster is quite fluid and has
not started to set before air pressure is applied.
It is also essential that the inner plastic film bag
is free from leaks and pinholes.

The fit of the plaster to the tissues is entirely
governed by the air pressure applied to the CET
treatment bag; a pressure of 50 mm Hg will
correspond to a tight fit, 10 mm Hg will corre-
spond to a snug but light fit.

Experience has indicated that the use of cold
water to soak the plaster bandage is advan-
tageous and leaves adequate time to complete
each stage without the need for unseemly haste.

Patients who have had experience of both
conventional casts and CPC casts have com-
mented on the firm and unique fit of the CPC
cast. This controllable and superior fit has been
employed to stabilize a tibial fracture suffici-
ently to enable the knee and ankle joints to
remain free. The finer details of the technique
are still being established, but the clinical
experience to date is demonstrating a successful
technique with obvious clinical advantages.
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