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Abstract

Diabetic foot related diseases represent a global health problem because of the complications, risk of
amputation and not at least because the economic burden on the health systems. Diabetic foot related
diseases are often chronic and infected wounds that need a multidisciplinary approach. Negative
pressure wound therapy (NPWT) is a technique that uses sub-atmospheric pressure to help promote
the wound healing by reducing the inflammatory exudate keeping the wound moist, inhibit bacterial
growth and promoting the granulation tissue. The aim of this paper was to appreciate the role of
NPWT to avoid a major amputation in diabetic patients with foot lesions of soft tissue infection of
the lower limb and comparing with the existing literature. We analyzed retrospectively the patients
with diabetic foot related disease treated by negative pressure wound therapy by a single teem in the
last 15 years. 30 patients treated by NPWT were identified of which 27 had lesions of the foot and 3
had soft tissue extensive infections of the lower limb. Major amputations were performed in 5 (16,6%)
cases because of failure of the primary lesion treatment, one patient died and 24 (80%) had a favorable
outcome. Reviewing the literature, we found that many studies favor the NPWT to standard wound
care due to higher and faster healing rates, but when they were analyzed together, in meta-analyses
studies, multiple factors of errors were found which confer only a low-certainty evidences of NPWT
efficiency. In conclusion even is still very hard to obtain an undeniable statistical proof of the
efficiency of NPWT in diabetic foot lesions it remains a very useful tool for these patients. A correct
use combined with ethological treatment may offer a maximum chance to avoid a major amputation
for the patients with diabetic related foot diseases.

Keywords: negative pressure; NPWT; diabetic foot; gangrene; amputation

1. Introduction

The global diabetes mellitus prevalence is high and rising, in 2024 there were about 589 million
diabetic patients (20-79 years) representing 1 in 9 people. Their number is expected to reach 853
million by 2050 [1]. According to International working group of diabetic foot, diabetes related foot
disease is related to a person current or previously diagnosed with diabetes mellitus that include one
or more of the following: peripheral neuropathy, peripheral arterial disease (PAD), infection, ulcer(s),
neuro-osteoarthropathy, gangrene or amputation [2]. Diabetic foot has high disability and mortality
rates and it is considered as one of the main health-related killers. Life time incidence of foot
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ulceration is 19 to 34 % with a recurrence rate of 40% in one year and 65 % at 3 years [3]. They are
also related to 75% of the major amputations of the lower limb. Worldwide, an amputation for a
diabetic foot related disease is performed every 20 seconds, and 70% of these patients are going to
die in the next 5 years resulting in a mortality rate higher that the most malignant tumors.
Furthermore, the economic impact of diabetic foot related diseases is substantial; annually billions of
dollars are needed for treatment of these patients.

Diabetic foot lesions need a multidisciplinary approach. The aim of the treatment is wound
healing by infection control and prevention of the recurrence, thus avoiding major amputation.
Besides glycemic control, offloading and revascularization a local intervention is often necessary:
debridement, drainage of abscesses and phlegmons and even minor amputations [4]. These methods
may be considered the standard wound care but the persistent challenge in achieving timely wound
healing encouraged the advance in finding new modalities of wound care.

Negative pressure wound therapy (NPWT) is a technique that uses under-atmospheric pressure
to help promote and optimize the wound healing. The main mechanisms of NPWT are: to reduce the
inflammatory exudate keeping the wound moist, to inhibit bacterial growth and to promote the
granulation tissue [5,6]. Additional advantages include: improving wound blood perfusion;
promoting cell proliferation, angiogenesis and wound tissue repair and regulating the signaling
pathway to modulate cytokine expression [7].

Ever since its introduction in 1993 by the German physician Fleischmann, its advantages have
been recognized. Today, this type of therapy is used practically in all surgical specialties, both for the
treatment of chronic or difficult wounds, as well as for acute closed wounds. The diabetic foot is not
an exception; European and American guidelines recommend NPWT for the treatment of diabetic
foot ulcers (DFUs) [8].

2. Materials and Methods

The aim of this paper was to appreciate the role of NPWT to avoid a major amputation in diabetic
patients with foot lesions of soft tissue infection of the lower limb and comparing with the existing
literature.

We retrospectively analyzed the patients with diabetic foot related disease treated by negative
pressure wound therapy by a single team in the last 15 years in the 1st Department of Surgery of ,Dr.
I Cantacuzino” Clinical Hospital from Bucharest. Inclusion criteria were: adult diabetic patients with
soft tissue infections or foot lesions for which NPWT was used in the treatment.

Negative pressure wound therapy was initiated after primary intervention in which a minor
amputation, collection drainage or wound debridement were performed. The therapy was continued
for 7 to 10 days (3 changes of the dressing). First dressing was changed after 2 days and the second
and the third after 3 to 4 days. If necessary, an additional wound debridement was performed at
every change.

The outcome was appreciated as favorable if a fully granulated wound was obtained and
unfavorable if a major amputation became necessary.

The patient’s data was extracted from hospital data base and from patient’s record sheet.
Informed consent was obtained from all patients in accordance with standard medical practices.

3. Results

We identified 30 patients over a period of 15 years. The indication for negative pressure therapy
was represented by large and difficult wounds associated with sepsis (24 cases) or by chronic wounds
associated with ischemia. The primary goal of this treatment was to avoid a major amputation. Data
regarding average age, sex ratio, type of the lesions, treatment duration and outcome are summarized
in Table 1.
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Table 1. Patients basic data.

Mean age 59,16+10,32

Sex ratio (M/F) 4/1

Type of lesion

Neuropathic 9 x2(1, N =

Ischemic 14 07057 p
=0,75.

Neuro-ischemic 7

IGWDF Classification

Grade 1 0 X2(1, N =

Grade 2 6 30)=12,p

Grade 3 12 =0,54.

Grade 4 12

Therapeutic prognosis index X2(1, N =

<6 20 30)=0,12,p

>6 10 =0,72.

Mean duration of NPWT use 9,1+2,6 days

Major amputation after the use of | 5 (16,6%)

NWPT

Healed or granulated wounds 24 (80%)

Mean hospitalization time 25,4 +10,4

24 patients had a favorable outcome and 6 unfavorable. Out of the last ones 1 patient died and 5
needed a major amputation. There were 27 lesions of the foot and 3 soft tissue extensive infections of
the lower limb. Figure 1

Figure 1. A Wound at the initiation of NPWT, B The same patients at after 3 to 6 months from the initial

moment.

A classification of the lesions was made using WIFI, IWGDF classification and also the
therapeutic prognostic index (TPI) [9] was calculated. No association between outcome and this
classification was found in the group. In 26 out of 30 patients regarding WIFI classification the risk of
amputations was high, and 12 patients out of 30 were grade 4 in IWGDF. 10 patients had a TPI higher
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than 6, which stands for an increased probability of a major amputation indication. There were no
association find between the infection grade or TPI with the failure of NPWT to avoid a major
amputation.

Clinically, the wounds ranged in size, shape and location, from small wounds after a radius
amputation to large foot and calf wounds after extensive infections (Figure 1). There were performed
14 ray amputations involving 1 to 3 toes, 4 trans metatarsal amputations, 11 debridement operations
associate with fasciectomies and drainage, and one extensive wound after an above knee amputation
with extensive debridement for gas gangrene (Figure 2). These makes comparison and
standardization of therapy very difficult.

Figure 2. 42 years male with diabetes mellitus type I and history of multiple surgical interventions on both foots
and chronic plantar ulcer was admitted for gas gangrene with septic shock (altered general condition,
hypotension, severe anemia (6g/dl) leukocytosis (51100/mm3). Above knee amputation was performed at
admission and from the second day NPWT was initiated which was continued for 2 weeks. After that the wound

was covered with a skin graft. The final picture shows complete healing at 3 months from the first intervention.

Infection was demonstrated by germ isolation from cultures in 24 cases (Table 2), in 7 of which
2 germs were identified. The most frequent germ implied was Staphylococcus aureus (SA) MRSA
followed by E. coli. SA was also found in 5 out of 7 the cultures with 2 germs. In 6 cases culture were
negative mostly due to previous antibiotic therapy. In 3 out of 7 cases of infection caused by
Staphylococcus Aureus MRSA avoiding major amputation failed. Antibiotherapy was initially
empiric and after the germ identification accordingly with antibiogram and extended on the entire
period of negative pressure therapy.

Table 2 Germs isolated from cultures
and their frequencies
Staphylococcus aureus MRSA
E coli
Negative cultures
Pseudomonas aeruginosa
Enterobacter
Staphylococcus coagulazo-negative
Klebsiella spp
Streptococcus Grup B
Group D Streptococcus
Proteus spp

—_ == (N[ W WO\ [ |0

From the 24 cases with favorable outcome only 6 patients were complete healed at the moment
of discharge: 3 cases with skin graft and another 3 in which the wound was sutured. The other 18
were discharged with a granulated wound.

In the 5 (16,6%) cases in which major amputations were needed to obtain healing 4 were below
knee and only 1 above knee amputations. 4 of them were in patients with arteriopathy and one with
mixt, neuro-ischemic diabetic foot.
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4. Discussion

In our series of cases NPWT was used as backup solution, in order to avoid a major amputation.
Even if this goal has been accomplished in 80% of cases, it is hard to find a conclusion based only on
these data, so we have conducted a literature review.

The main therapeutic principles for diabetic foot wounds are the control of infection,
improvement of local tissue perfusion, offloading and promotion of tissue repair. NPWT has become
an important asset in the therapeutically arsenal used in the management of diabetic foot wounds
due to its effects of enhancing local perfusion, promoting granulation tissue growth and improving
wound healing [10].

Given the clinical complexities and the variety of available treatment options for diabetic foot
lesions, it is essential to generate robust evidence regarding the comparative effectiveness of NPWT
versus standard wound treatment. Previous studies comparing NPWT and standard wound care for
DFUs have reported mixed outcomes [11].

From the late 1990s when the product became commercially available until now, a large number
of papers and basic studies have suggested the positive effects of NPWT on wound healing.
Meanwhile, other series of studies and meta-analyses have found little evidence that NPWT provides
better results than the standard wound care.

The first randomized clinical trial on diabetic foot postoperative wounds was published in 2005
by Armstrong et al. and included 162 patients from 18 centers with diabetes and wounds after partial
amputation of the foot treated until complete healing or up to a period of 16 weeks. Results showed
a better rate of complete healing and a faster granulation and healing time in the group treated with
NPWT [12].

A second study appeared 3 years later with the largest the number of patients (342) with chronic
diabetic foot ulcers, published by Blume et al. It compared NPWT with advanced moist wound
therapy in patients with DFUs and found that NPWT is more efficacious and equally safe in healing
DFUs. A complete ulcer closure was obtained in 43,2% with NPWT versus 28.9% with moist
dressings. Secondary the amputation rates were significantly lower in the group of negative pressure
than advanced moist therapy (4.1% vs. 10.2%); both minor and major amputations were considered
[13].

A more recent publication is ,German DiaFu RCT”, which compared NPWT with standard
moist wound care (SMWC) on diabetic foot ulcer in a real-life clinical practice. This study included
diabetic patients with foot lesions regardless of their neuropathic or angiopathic etiology without
excluding concomitant diseases negatively impacting wound healing. Therapy application was at the
discretion of the attending physician. This corresponds with the patient’s real-life situation, so the
results can be generalized and applied in current clinical practice. German DiaFu RCT found that
there is no significant superiority in wound closure rate or time to complete wound closure for NPWT
or SMWC. Large number of patients lost at the end of the study and document missing also limited
the validity of the analysis [14].

Two large meta-analyses proved that there are a large number of published studies, but the
evidence of negative pressure wound therapy efficiency is still low. First meta-analysis was published
in 2018 and included eleven RCTs with 972 participants. 9 studies included patients with DFUs and
the other 2 analyzed the post amputation wounds. Ten of these studies compared NPWT with
dressing and one compared the effect of NPWT at two different pressure setting. According to these
criteria, authors found that conclusions and results of the studies are imprecise and with risk of bias.
Therefore, there is low-certainty evidence to suggest that NPWT may increase the proportion of
wounds healed and reduce the time to healing for postoperative foot wounds and ulcers of the foot
in people with DM [15].

The second meta-analysis reviewed almost 400 articles and included only 9, with a total number
of patients very similar — 943 patients. These studies were published in the last 10 years and had a
better description of the randomization method. Wound healing rate, granulation tissue formation
time, incidence of adverse reactions, and amputation rate were statistical analyzed. The results
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showed that NPWT can promote and accelerate the wound healing, with similar rate of adverse
events and amputations rate like conventional moist therapy [16].

Clinical data from RCTs and non-RCTs recommend the use of NPWT in the treatment of diabetic
foot lesions, although data obtained from meta-analyses do not seem to specifically favor NPWT over
standard treatment. At the same time, their revision in the clinical practice guidelines for the diabetic
foot is also important [17].

The largest general diabetes guidelines published annually by the American Diabetes
Association do not mention specifically NPWT therapy, but acknowledges it as a treatment option
for diabetic foot ulcers. NPWT is recommended when wound infection is controlled, bleeding risk is
managed, and ischemia is addressed [18,19].

European Wound management association published in 2017 an extensive summary on the use
of NPWT in different clinical situations, including diabetes foot wounds. They suggested that
complication as ischemia and infection must be treated before applying NPWT. The technical
progress in NPWT devices development over recent years was pointed and concluded that NPWT is
an important adjuvant therapy in the management of DFUs, and that one may expect its increasing
use in this field [20].

International Working Group on the Diabetic foot released the last guidelines in 2023. They
recommend the use of NPWT as an adjunct therapy to standard of care for the healing of postsurgical
diabetes-related foot wounds, but to do not use it in non-surgically related diabetes foot ulcers. Also,
it is not recommended for treating the diabetic foot related infection [21-23].

5. Conclusions

Even is still very hard to obtain an undeniable statistical proof of the efficiency of NPWT in
diabetic foot lesions and its capacity to avoid a major amputation, NPWT remains a very useful tool
for these patients’ treatment. A correct use of NPWT combined with ethological treatment may offer
a maximum chance to avoid a major amputation and obtain the healing of the wound for the patients
with diabetic related foot diseases. Due to better collection of data and improvement of
randomization methods, it is likely that the new RCTs will prove beyond doubt the potential benefit
of NPWT in healing and wound area reduction, outcomes that are essential in the prevention of
amputation in patients with diabetic foot lesions.
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NPWT Negative Pressure Wound Therapy

BEES/ Diabetic Foot Ulcer(s)

DM Diabetes Metillius

PAD Peripheral Arterial Disease

WIFI Wound, Ischemia, and foot Infection classification
IWGDF  International Working Group on the Diabetic Foot
TPI Therapeutic Prognostic Index

RCT(s) Randomized Controlled Trial(s)
SMWC Standard Moist Wound Care
SA/MRSA Staphylococcus aureus/ Methicillin-resistant Staphylococcus aureus
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