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Abstract

Below-the-knee amputations in patients who have swollen lower extremities due to chronic venous insufficiency
or Charcot disease are particularly vexing clinical problems. The purpose of this paper is to illustrate the role of
Negative Pressure Wound Therapy (NPWT) in difficult Below Knee Amputation (BKA) stump closure.
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Introduction

One of the oldest known surgical procedures [1,2], lower
extremity amputation is still commonly performed, even in hospitals
with aggressive revascularization programs for limb salvage. It is
unavoidable in many cases of uncontrollable soft-tissue or bone
infection, non-reconstructable arterial disease with persistent tissue
loss, or unrelenting rest pain due to muscle ischemia.

Despite advances in technology and surgical and endovascular
techniques, the number of amputations in the US is rising due to the
increased incidence of diabetes and Peripheral Vascular Disease (PVD)
in an aging population. In 2005 an estimated 1.6 million individuals
were living with the loss of a limb; by the year 2050, it is estimated this
number will more than double to 3.6 million [3].

Healing of postoperative below-the-knee wounds has always been
a challenge, particularly in cases of compromised circulation. Reported
primary healing rates for below-the-knee amputations vary widely,
from 30% to 92%, with a re-amputation rate of up to 30% [1,4]. One
study concerning lower limb amputation found that the most common
residual limb related complications were wound infection and poor
healing (70%), poorly fashioned stumps (20%) and phantom pain
(10%) [5]. The effects of previous surgery, altered anatomy, muscle
and bone atrophy and aerobic deconditioning are important variables
in predicting the success of amputation surgery. Improvements in
amputation surgical technique and surgical decision-making have
resulted in fewer complications and better rehabilitation, but the optimal
postsurgical dressing management system continues to be debated.
In particular, there are a small but not insignificant proportion of
patients who have concomitant chronic venous insufficiency and these
extremities carry the additional burden of edematous subcutaneous
tissues which impair stump healing. Likewise, the prevalence of Charcot
disease has been documented from as low as 0.16% to as high as 29%
in diabetic patients [6]. The characteristic edema and hypervascularity,
that are characteristic in these patients, unfortunately also presents a
challenge when they undergo lower extremity amputation.

In general when faced with the decision of a below-knee-
amputation for an individual with large extremities due to chronic
venous insufficiency and/or Charcot, negative pressure wound therapy
(NPWT)can be a viable option to increase healing potential.

Methods

When considering a below-the-knee amputation in patients with
satisfactory arterial perfusion but with moderate to severe swelling of
the effected limb, then the use of vacuum therapy in the postsurgical
dressing becomes a viable option.

Under general or epidural anesthesia, the below knee amputation
is usually performed utilizing a posterior flap incision. The flap is well
irrigated with antibiotic and normal saline solution. A large Jackson-
Pratt drain or its equivalent is placed into the lateral aspect of the
wound through a separate stab wound and the fascia is then closed
using interrupted 2-0 Vicryl sutures. The subcutaneous wound is then
irrigated with sterile normal saline with a pulse irrigation system to
ensure removal of all contaminants, and local hemostasis is then
achieved.

With the fascia closed, the skin is left open and the vacuum
dressing is applied to the subcutaneous tissue over the closed fascia
(Figure 1). The reticulated foam is trimmed so that it fits on the open
wound and does not lie on the skin. An adhesive polyurethane drape is
then placed over the foam dressing. A 1.5 cm diameter opening is cut
in the adhesive drape and centered over the polyurethane foam. Atrac-
pad connector is positioned over the drape opening with care taken
so that the suction center of the connector does not touch the skin. A
rigid prosthetic dressing is fitted over the entire dressing to protect the
stump and to immobilize the knee in extension. Vacuum is then started
to the desired pressure (recommended 125 mmHg). The dressing is
changed every 48-72 hours, and the wound bed assessed. NPWT is
usually continued until 90% granulation of tissue at the wound base
has been achieved. Conventional dressings are then used until closure
via secondary intention has been achieved.
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Figure 1: A patient with moderate chronic venous insufficiency that underwent below-knee amputation for non-salvageable foot ischemia. The vacuum dressing is
applied to the stump wound with the black foam cut so that it fits on the area of the wound and not on the skin and the adhesive polyurethane drape placed over the
foam (Figure 1A). A 1.5 cm diameter opening is cut on the adhesive drape centered over the polyurethane foam and atrac-pad connector inserted (Figure 1B). A
rigid, protective dressing is then placed over the stump and secured (Figure 1C and 1D).

Results and Discussion

Prior to the 1960’s, above-knee amputations were the most
commonly performed lower extremity amputation for vascular disease.
The proportion of below-knee amputations increased in the late 1960’s
and early 1970’s because of a number of advancements. Incorporation
of a posterior flap technique performed with a better vascular supply led
to an improved healing rate of below knee amputations [1]. Clinicians
were also beginning to determine the appropriate amputation level
based on assessment of perfusion utilizing Doppler evaluation
and measurement of transcutaneous PO2 [7-9]. At the same time,
revascularization techniques were being developed that resulted in
salvage of threatened limbs or allowed a more distal level of amputation.
Increased awareness of the benefits of distal amputation, relating
decreased energy expenditure [1,10] and improved rehabilitation
potential [11], promoted the trend toward more distal amputations.
Other significant developments during this period include advances
in the care of the diabetic amputee, and improved understanding of
nutrition in stump healing [12].

The presence of large amounts of fluid in the subcutaneous tissues
or hypervascularity from Charcot disease is a significant hindrance to
the timely healing of the stump wound. In our experience, closure can
be achieved in patients with moderate to severe swelling of the extremity
with the use of NPWT. We did not opt for delayed sutured closure in the
majority of the cases because after a relatively short duration of NPWT
the wound becomes sufficiently granulated and contracted to avoid
further surgical intervention. Although it’s impossible to determine
the exact mechanisms of action of our approach utilizing NPWT, we
propose several contributing factors. Patients with arterial insufficiency
who are already at risk for delayed wound healing, and have large legs
due to venous congestion, the dynamic nature of the NPWT dressing
system may play an important role by distributing equal pressure
across the wound and constantly evacuating excess interstitial fluid.
Since the majority of amputations are carried out because of ischemia,
this patient population is particularly susceptible to the development

of tissue necrosis due to poor tissue perfusion. Unevenly distributed
or excessive pressure from conventional dressings, when used in large
edematous legs, can lead to further limb strangulation or tissue necrosis.
Furthermore, if not evacuated, postoperative local accumulation of
blood can distend the tissues enough to compromise local vascularity,
cause pain, and form a nidus for infection. NPWT causes a decrease in
soft tissue swelling, encourages essential inflow and outflow, and allows
transport of oxygen and nutrition to the wound bed while clearing
inhibitory factors [10-12]. The uniform mechanical stress applied to
the wound has also been hypothesized to result in positive growth
factor production needed during wound healing, and may stimulate
proliferation of generative cells and granulation tissue formation to
condition the wound for successful closure [13,14]. NPWT can also
facilitate easier and less frequent dressing changes, which reduces pain
and anxiety.

In the field of prosthetic technology major advances have had a
major impact on surgical decision making and technique regarding
lower extremity amputation level. There are major distinctions between
above knee amputations and below knee amputations, including
rates of healing and rehabilitation potential [1]. There is often a fine
balance or compromise between increased rates of healing in above
knee amputations versus more optimal rehabilitation results and better
energy efficiency from below knee amputations. Of the patients who
attained a healed residuum, approximately 80% of those with below
knee amputation were eventually able to achieve ambulation. This
is in contrast to only 38% to 50% of healed above knee amputation
patients achieving regular prosthetic ambulation [13,14]. In addition
the relative energy costs of ambulation above that of normal energy
expenditure of an above knee amputation is 63% compared to that of a
below knee amputation is 42% [1]. The maximum aerobic capacity and
walking velocity are higher for patients with a below knee amputation
than for those with an above knee amputation [15].

Although multiple factors are deserving of consideration when
a limb amputation becomes necessary, preservation of the knee,
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whenever possible, has a significant effect on a patient’s future mobility
and quality of life. While we have good clinical outcomes in a small
number of patients, a more structured, controlled trial with a large
group of patients still needs to be performed.
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