
Clinical outcome of diabetic
foot ulcers treated with
negative pressure wound
therapy and the transition
from acute care to home care
Stephanie C Wu, David G Armstrong

Wu SC, Armstrong DG. Clinical outcome of diabetic foot ulcers treated with negative pressure wound therapy and
the transition from acute care to home care. Int Wound J 2008;5 (Suppl. 2):10–16.

ABSTRACT
Diabetic foot ulcers affect millions of people in the United States of America and impose tremendous medical,
psychosocial and financial loss or burden. Negative pressure wound therapy (NPWT) is generally well tolerated
and appears to stimulate a robust granulation tissue response compared with other wound healing modalities.
This device may be a cost-effective adjunctive wound healing therapy. This literature review will focus on the
clinical outcome of diabetic foot ulcers treated with NPWT, its implication in the transition from acute care to
home care, factors that might influence clinical outcomes in home care as well as quality-of-life aspects in these
patients. Patient care for diabetic foot ulceration is complex and necessitates multiprofessional collaboration to
provide comprehensive wound care. It is clear that when we strive for limb preservation in this most high-risk
population, it is important to have an available versatile, efficacious wound healing modality. There is a need for
an easy transition from acute care to home care. Resources need to be combined in a collaborative and
synergistic fashion to allow patient to perform many daily living activities while receiving the potential benefits of
an advanced wound healing modality.
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INTRODUCTION
The rapid rise in the incidence of diabetes, a

serious lifelong condition, is of alarming con-

cern to health care professionals. Recent data

from the World Health Organization estimate

that by the year 2025, more than 325 million

people worldwide will be diagnosed with the

disease. Diabetic foot ulceration is one of the

most common complications associated with

the disease and is notorious for its complexity

and healing difficulties (1–3). The prevalence of

foot ulcers ranges from 4% to 10% among

persons diagnosed with diabetes mellitus (1).

This translates to an annual population-based
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incidence of 1�0–4�1%, and the lifetime incidence

may be as high as 25% (1). Diabetic foot ulcers

frequently become infected and are a major

cause of hospital admissions (4,5). They also

account for most non traumatic lower limb

amputations in this patient population (4).

Diabetic foot ulcers impose tremendousmedical

and financial burden on our health care system

with conservative cost estimates as high as

US$45 000 per patient (6). These estimations,

however, do not include the deleterious psy-

chosocial effects on the patient’s quality of life

because of impaired mobility and substantial

loss of productivity (7).

Foot ulcerations are pivotal events in limb loss

for two important reasons. They allow an ave-

nue for infection (8) and can cause progressive

tissue necrosis and poor wound healing in the

presence of critical ischaemia. Approximately

56% of diabetic foot wounds become infected

during their life cycle (9–11), and 20% of these

patients with infected foot wounds require

radical debridement of soft tissue and bone,

resulting in some form of lower extremity

amputation. Such wounds typically need some

degree of preparation before delayed primary

closure or healing by secondary intention

because of their depth, size and presence of

pre-existing infection. The ensuing largewound

deficit often requires prolonged healing time

and extended hospital stays with a further risk

for reinfection (Figure 1). Furthermore, this

lengthened and sometimes interrupted healing

process impairs patient mobility; causes sub-

stantial lost productivity; diminishes quality of

life; imposes tremendous medical, psychosocial

and financial impacts and presents a significant

management challenge to health care profes-

sionals (12–14). Therefore, the advent of an

effective wound healing modality that facili-

tates timely healing and shortens hospital stays

is of immense value to the health profession.

NEGATIVE PRESSURE WOUND
THERAPY
Recent advances in technology combined with

better understanding of the complex cellular

and biochemical mechanisms of wound healing

have resulted in the development of a plethora

of advanced wound healing modalities such as

hyperbaric oxygen, topical growth factors,

bioengineered skin and tissue equivalents and

negative pressure wound therapy (NPWT) (15–

20). NPWT was first widely introduced in the

United States of America more than a decade

ago and has since evolved into a commonly

used ‘complex wound’ advanced treatment

option that may be used by all practitioner

levels. NPWT is a non invasive wound closure

system that uses controlled, localised subatmo-

spheric pressure to help promote healing in

chronic and acute wounds (21–23). NPWT de-

livered through the V.A.C.� device is US Food

and Drug Administration (FDA) approved to

promote wound healing in pressure ulcers;

diabetic foot ulcers; other types of chronic, acute

and traumatic wounds, in conjunction with

meshed grafts and flaps and in partial-thickness

burns. Because of its ability to also manage

wound exudate, NPWT is adjunctive for man-

aging large defects and heavily draining

wounds and can often be used both as a catalyst

to secondary wound healing and as a bridge

between debridement and definitive closure

(24). NPWT is versatile as it can be applied at

home, in an alternative care setting, and can

simultaneously treat multiple wounds through

connecting foam bridges or Y connectors.

NPWT helps decrease the frequency of dressing

changes and the time between debridement and

definitive closure and lowers the costs of

protracted hospital stays (24–35). Many studies

report that NPWT very effectively prepares

wound beds for grafting or delayed primary

Figure 1. Diabetic foot wound following debridement of

necrotic bone and soft tissue.
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closure and is also useful for patients who are

poor surgical candidates (26,36). Numerous

authors advocate NPWT as a safe and effective

adjunctive modality to promote a rapid granu-

lar bed and prevent further surgeries in this

high-risk population (26,37–39). This literature

review will focus on the clinical outcome of

diabetic foot ulcers treated with NPWT, its

implication in the transition from acute care to

home care, factors that might influence clinical

outcome in home care as well as quality-of-life

aspects in these patients.

Clinical evidence
Armstrong et al. evaluated the efficacy ofNPWT

to heal 31 indolent diabetic foot wounds im-

mediately after wide surgical debridement. A

cessation of therapy protocol was used where

NPWTwas discontinued when the wound bed

approached 100% coverage with granulation

tissue and no exposed tendon, joint capsule or

bone. They noted that 90�3% of the wounds

treated with NPWT healed at the level of

debridement without the need for further bony

resection in amean time of 8�1 � 5�5 weeks (26).

In a randomised trial, Eginton et al. compared

the wound healing efficacy between NPWTand

conventional moist dressings to treat large dia-

betic foot ulcers and noted thatNPWTdecreased

thewound volume and depth significantlymore

than moist gauze dressings (59% versus 0% and

49% versus 8%, respectively) (37).

Recently published trials further showed the

wound healing efficacy of NPWT. Blume et al.

evaluated the safety and clinical efficacy of

NPWT compared with advanced moist wound

therapy (AMWT) in the treatmentofdiabetic foot

ulcers in a multicentre, randomised controlled

trial. Three hundred and forty-two patients, 79%

male,with amean ageof 58 yearswere randomi-

sed to receive either NPWT or AMWT and

standard offloading therapy as needed (40). The

authors noted that a greater proportion of foot

ulcers achieved complete ulcer closure with

NPWT (73 of 169, 43�2%) than with AMWT (48

of 166, 28�9%) within the 112-day active treat-

ment phase (P ¼ 0�007). The Kaplan–Meier

median estimate for 100% ulcer closure was

96 days (95% CI 75�0–114�0) for NPWT and not

determinable forAMWT(P ¼ 0�001). Theauthors
notednosignificantdifferencebetween thegroups

in treatment-related complications at 6 months.

In a 16-week, 18-centre, randomised clinical

trial involving 162 patients with wounds that

were larger and more complex than those from

previous randomised trials, Armstrong and

Lavery noted that NPWT healed more wounds

after partial foot amputation in patients with

diabetes versus the standard of care [43 (56%)

versus 33 (39%),P ¼ 0�040]. Basedon the time to

complete closure, NPWTwas noted to produce

a faster wound healing rate (P ¼ 0�005) (Fig-

ure 2) and faster granulation tissue formation

rate versus standard of care (P ¼ 0�002) (39).

Transition from acute care to home care
In addition to the wound healing efficacy of

NPWT as shown by numerous trials in the

literature, the fact that most of the patients who

were randomised to NPWTwere able to receive

the therapy at home is of extreme importance. In

the most recent study, the proportion of home

care therapy days to total therapy days (includ-

ing inpatient time) for NPWT was about 90%

versus 95�3% for control. This is mirrored in

Armstrong and Lavery’s study where no dif-

ference was noted between the NPWT group

versus the control group for inpatient hospital

stay (number of admissions or length of stay),

with 89% of total duration of therapy classified

as ‘outpatient’. Furthermore, patients who

received NPWT experienced significantly (P ¼
0�035) fewer secondary operative revision am-

putations, which further decreased hospital

stays. Two (3%) patients in the NPWT group

and nine (11%) in the control group underwent

a second admission for further amputation.

Although the difference was not significant, it

suggested a benefit in favour of NPWT (P ¼ 0

�060) with the relative risk suggesting that

people receiving NPWTwere only a quarter as

likely as control patients to need a second

amputation. This trend continued in patients

who received a high-level (above-foot) ampu-

tation; five (6%) control patients received either

a below-knee (n ¼ 3) or above-knee (n ¼ 2)

amputation, but there were no high-level

amputations in the NPWT group (P ¼ 0�060).
This difference in reamputation may have

resulted from themore rapid, higher proportion

of healing and better wound coverage with

granulation tissue seen in the NPWT group.

Resource utilisation for patients treated with

NPWT also was evaluated in this same study

population. Apelqvist et al. (41) reported that

patients randomised to the NPWT group

required fewer surgical procedures (including

debridement) than the control group (43 versus

Clinical outcome of diabetic foot ulcers
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120, P , 0�001), fewer average number of

dressing changes [41 (range 6–140) for NPWT

versus 118�0 (range 12–226) for control AMWT

(P , 0�0001)] and fewer outpatient treatment

visits [4 (range 0–47) in the NPWT versus 11

(range 0–106) in the control (P , 0�05)]. This
yielded a cost saving in excess of US$12 800

compared with standard therapy. This com-

bined with the clinical data provides a compel-

ling suggestion that NPWT is an efficacious,

cost-effectivemodality in healingwounds on an

inpatient and outpatient basis.

The versatility of the NPWT device enables it

to be applied at home or in an alternative care

setting, making the transition from the hospital

to the home setting extremely easy to facilitate.

Furthermore, because dressing changes can be

performed every 48 hours in the ambulatory

setting, this helps decrease the frequency of

dressing changes, decreases the time between

debridement and definitive closure and lowers

the costs of protracted hospital stays (24–35),

making NPWT an ideal device for home care.

The development of a portable NPWT unit

(The Freedom V.A.C.� Therapy System; Kinetic

Concepts Inc., SanAntonio, TX) affords patients

the freedom of mobility while sustaining con-

tinuous NPWT. This flexibility further reduces

hospital inpatient utilisation costs allowing

home patient recovery.

Criteria for treating patients in home
care for best clinical outcomes with
NPWT
NPWT in conjunction with adequate perfusion,

debridement, a moist environment, pressure

mitigation and management of contributing

comorbid diseases may be effective at achiev-

ing complex wound closure. There are several

essential questions to ask when assessing a

diabetic foot wound to ensure maximal clinical

outcome including location, size and depth of

the wound, adequate perfusion and control of

bioburden (42,43).
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Figure 2. Kaplan–Meier estimates for time to complete wound closure. NPWT, negative pressure wound therapy.
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The location of a wound and its aetiology go

hand in hand. Generally, wounds on the medial

aspect of the foot are caused by constant low

pressure,whereaswounds on the plantar aspect

of the foot are caused by repetitive moderate

pressure. The size and depth of the wound also

play a key role in determining duration of

wound healing. Identification of ischaemia is of

utmost importance when evaluating a wound.

Ischaemic wounds were found to have a longer

duration of healing comparedwith neuropathic

wounds without deformities (44). In cases

where there is a lack of adequate perfusion,

a prompt vascular surgery consultation and

possible intervention to improve perfusion are

warranted. Bacterial colonisation and associ-

ated tissue damage of a wound is a recognised

detrimental factor in the multifactorial process

of wound healing (45). Adequate debridement

along with appropriate antibiotic treatment

may help decrease the bioburden and help

enhance healing. When used in conjunction

with adequate debridement and appropriate

antibiotics, NPWT may be effective in enhanc-

ing wound closure in patients with treated

osteomyelitis or soft tissue infections (33).

Despite technological advances in wound

healing, it is important to emphasise the

importance of pressure mitigation, especially

in the treatment of lower extremity ulcerations.

NPWT, although useful in the management of

complex plantar foot wounds, has complicated

plantar weight bearing because the tubing,

which is contiguous with the foam dressing,

often exits at a plantar site. By modifying the

‘bridging’ technique and running contiguous

sponges from the plantar foot to the dorsal foot,

an area that is more conducive to tube connec-

tion,NPWTcannowbe combinedwith a remov-

able cast walker and secured with either a layer

of cohesive bandage or a plaster to ensure com-

pliance. This treatment, termed by Armstrong

et al. the ‘V.A.C. Contact Cast (VCC)’, could

allow a patient to perform many activities of

daily living while still receiving the potential

benefits of an advanced wound healing modal-

ity (46). In a gait laboratory study byArmstrong

and coworkers, the VCC technique was com-

pared with a removable cast walker alone. The

documented difference is unlikely to be clini-

cally significant in spite of the minimal pressure

difference in favour of removable cast walker.

It was therefore concluded that this very mild

increase in pressure, when factored against the

potential benefit garnered from topical negative

pressure dressings, may weigh in favour of

combined therapy (28). By allowing limited

protectedwalking, this combinedmodalitymay

also reduce inpatient length of stay in this high-

risk patient population (27).

Quality of life
Health-related quality of life (HRQOL) has

been noted to be worse among individuals

with diabetes than among individuals with-

out diabetes, and diabetic foot ulcers have

a major negative effect on HRQOL (14,47).

Diabetic foot ulcers are associated with re-

duced mobility and deficits that adversely

affect activities of daily living and HRQOL

(14). Qualitative studies have confirmed clin-

ical observations that diabetic foot ulcers have

a huge negative psychological and social

effect, including reduction in social activities,

increased family tensions for patients and

their caregivers (spouses or partners), limited

employment and financial hardship (14).

Quantitative studies utilising the SF-36 Health

Survey score confirm the findings of qualita-

tive studies that diabetic foot ulcers exert a

negative effect on physical functioning, psy-

chological status and social situation and may

be as severe as in similar patients with lower

extremity amputation (47).

SUMMARY
Foot ulcers are a common, serious and costly

complication of diabetes, preceding 84% of

diabetes-related lower extremity amputations

and increasing the risk of death by 2�4-fold
compared with people with diabetes but with-

out ulcers (14). Randomised controlled trials

that assessed clinical outcomes in diabetic

wounds secondary to open amputation of the

foot suggested that NPWT delivered through

the V.A.C. Therapy System yielded a

• higher proportion of healed wounds,

• faster time to wound closure,

• more rapid and robust granulation tissue

response and

• potential trend towards reduced second

amputation risk versus controls.

When used appropriately, NPWT appears

to be quite safe with no overt difference in

proportion or distribution of adverse events

compared with controls and can easily be

transitioned from acute care to home care.

Clinical outcome of diabetic foot ulcers
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