Advantages of Negative Pressure Therapy in Local
Diabetic Foot Treatment
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Diabetic foot is a current public health problem and a late consequence of diabetes. Morbidity and mortality
are significant, seriously affecting the patient’s quality of life. Treatment of the diabetic foot is a long-lasting,
highly resource-consumption process. Using negative pressure therapy leads to shorter hospitalization periods,
better functional outcomes, significantly contributes to decreasing the number of amputations and improving
patient’s quality of life. 49 year-old patient is hospitalized with necrotizing at right foot and shank, neglected
type Il diabetes. It is performed amputation of atypical necessity, right leg, transtarsal, open stump. After
successive debridements, negative pressure therapy is installed for a period of 24 days. This favors the
formation of the granular bed, the remission of the infection, allowing grafting. The graft is partially integrated
and plantar reconstruction is performed with sural reversal flap. The local and functional results are
satisfactory, with the flap viability and the possibility of moving with support on the right leg, preventing the
amputation of the shank. Negative pressure therapy has a multitude of advantages, it is preferable to
conventional therapies, and it can have higher costs, but accelerates healing and improves the quality of life
of the patient.
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Along with cardiovascular disease, lung cancer and
tuberculosis [1], in the category of lifestyle related diseases,
diabetes with its complications is an important cause of
morbidity and mortality worldwide. It is estimated that in
2035 there will be 592 million of diabetics [2], and in 2040
there will be over 642 million [3], with a prevalence ratio of
1:10 [4], given that at the moment 387 million patients are
diagnosed and 46.3% of the population with glucose
metabolism disorders received no confirmation from the
specialist [3].

With significant morbidity and mortality, seriously
affecting the quality of life of the patient, the diabetic foot
(DF) represents a current public health problem and a late
consequence of diabetes, its prevalence being closely
related to neuropathy and vascular damage in diabetes [
5,6]. Treatment of the diabetic foot is a long-lasting process,
with high consumption of resources, both on the part of
the patient and on the healthcare institutions that look after
such a patient, including on the patient’s family. It is
appreciated that in the absence of surgery, the healing of
the diabetic foot occurs on average within 12 weeks [7].
The implementation of new therapeutic methods for the
diabetic foot, such as the vacuum system or negative
pressure therapy (NPT), certainly leads to shorter
hospitalization periods, better functional outcomes,
significantly contributes to the decrease in the number of
amputations and to improving the patient’s quality of life

[8].

Case Study
A 49-year-old patient from the countryside, chronic
alcohol drinker, known for non-insulin-like type 2 diabetes,

diagnosed for about 5 years, is brought into the emergency
receiving unit in a very serious general condition, gangrene
in the right foot. The haematological picture reveals
important leukocytosis with neutrophilia (number of
leukocytes=18.77x10%uL, neutrophil=88.9%), mild
normometric anemia (hemoglobin=10.5g/dL, hematocrit
=31.9%, average erythocyte volume=87.6 fL), platelets
within normal range (243x10%ulL), presepsine with
increased value (817 pg/mL), nitrogen retention
(creatinine=1.85 mg/dL, urea serum=73 mg/dL),
elevated glycemic values (glucose=500 mg/dL), pH within
normal rates (=7.42). The general local clinical
examination and the evaluation of the biological constants,
lead to the diagnosis of gangrene with necrotizing right
foot and shank, septic state, unbalanced type 2 diabetes.
In the purulent secretion of the wound, it is isolated
Enterobacter aerogenes. The general and local condition
requires emergency surgery, under rahianesthesia,
amputation of atypical necessity being performed,
transtarsal, on the right leg, with open bone. Before the
intervention, after the hydroelectolytic rebalancing, it is
obtained the informed consent of the patient (fig. 1)

The general progression is rapidly favorable
postoperatively, under insulin therapy, antibiotic therapy
(cefoperazone+sulbactam 2¢/12 h, metronidazole 1g/12
h in the first 48 h, subsequently replacing cefoperazone
with meropenem - 500mg/8 g and ciprofloxacin 200mg/
12 h according to the antibiotic results, with the notice of
the responsible with the use of antibiotics policy at the unit
level), low molecular weight anticoagulant - fraxiparin 3800
u.i./12 h, gastric antisecretor, antialgic, probiotics (as an
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Fig. 1 Open bone, 48 h post
transtarsal atypical
amputation

adjunct in the prevention of clostridium difficile
infection)[9], amino acid complex, protein hydrolysates,
endovemous infusions with micromolecular solutions,
group B vitamins, non-steroidal anti-inflammatory drugs,
with decreased glycemic values (glucose=183 mg/dL),
remission of leukocytosis (number of leukocytes= 8.73 x
10%/L), remission of nitrogen retension (creatinine= 0.96
mg/dL, urea serum=32 mg/dL). The patient becomes
cooperative, successfully passing even the alcohol
withdrawal period as a result of specific psychiatric
treatment. There are performed locally excisional
debridements and dressings with antiseptic solutions and
ointment based on argenic sulfadiazine successively, which
allow approximation of the remaining plantar flap. Two
weeks after transtarsal atypical amputation, negative
pressure therapy is instituted to favor the formation of the
granular bed for reconstructive treatment at the level of
the stump. The patient is informed about this option, he is
explained the mechanism of action of this system,
highlighting the advantages of using this therapy and his
consent is eventually obtained, both for the application of
this type of local therapy as well as for the use of his medical
imagery and data, for scientific purposes. Also, the patient
is assured about the confidentiality of his data, the
compliance with the norms of ethics in research, and it is
reached a better communication relationship with the
patient [10,11] (fig. 2).

Fig. 2 Installing
negative pressure
therapy

The bandage kit is changed every 2-3 days, observing
the progressive decrease in the amount of collected
exudates, the beginning of wound granulation and marginal
epithelialization. The patient is compliant with negative
pressure local therapy; he does not accuse pain or
discomfort caused by the limitation of mobility or of the
equipment used (fig. 3).

Fig. 3.Intermediate evolutionary stage under negative pressure
therapy
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It is continued the treatment with anticoagulant,
peripheral vasodilators, vitamin therapy and glycemic
control. After approximately 14 days of NPT it is revealed
the maceration of the plantar flap edges in a 1.5 cm area,
maintaining the viability of the plantar flap, but partial
margin ischemia from the soft tissue defected area. In the
wound area, devitalised tissue areas are reduced, and
trophic granulations become obvious (fig. 4).

Fig. 4. Evolutionary stage
with maceration of
plantar flap margins and
granular bed progression

For 3 days, NPT was suspended, constantly being made
conventional wound dressings with argenic sulfadiazine
as a debridement agent to monitor the plantar flap
vasculature. NPT is restored for another 10 days, keeping
the same rate of polyurethane sponge change. Local
evolution is favorable, with the formation of a consistent
granular bed at the level of the dorsal foot and 1/3 inferior
leg. It is performed the first reconstructive intervention,
respectively the split skin graft, on the entire surface of the
stump. The patient is externalized 10 days after grafting,
the grafting being approximately 80%, followed by
dressings every 3-4 days in the ambulatory. The control
performed one month after the surgery shows the grafting
towards the plantar part and a good integration on the dorsal
foot and shank. The partially favorable results of the grafting
tend towards another reconstructive option, namely the
plantar reconstruction with the sural reversed flap (fig. 5
and fig. 6).

Fig. 5. Plantar
reconstruction with sural
reversed flap - incidence

@

Fig. 6. Plantar
reconstruction with sural
reversed flap - incidence

(b)

i ¥ '.
The post-reconstruction evolution was favorable, the flap

being viable and well integrated. The patient was
discharged after 2 weeks of reconstructive surgery.

Results and discussions

The main complication of diabetes mellitus is diabetic
neuropathy, which in turn is the determinant of lesions in
the legs by loss of sensitivity that prevents effective control
of the pressure distribution on the foot, especially when
deformations occur. [12] Progression of lesions and their
tremendous evolution, often completed by amputations at
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different levels of the foot, are supported by diabetic
macro- and micro-angiopathy, as well as the history of
ulcerations [13,14].

Data on the prevalence of diabetic neuropathy and
peripheral arterial disease are different depending on the
period and country where the studies were conducted,
and of course on the characteristics of the groups of
diabetics studied. Thus, neuropathy was identified in 16%
to 66% of patients with a prevalence influenced by the age
of diabetes and a lack of effective glycemic control [15].
Peripheral arterial disease was assigned a prevalence of
between 9.5 and 20.6% for diabetic patients compared to
a range of 4.5 to 12.5% characteristic of the broad
population with normal glucose tolerance [16].

Diabetic foot injury has an incidence of 15-25%
throughout its life [17], with a recurrence rate of 50% to
70% after 5 years [18]. Worldwide, the prevalence of ulcers
is estimated to be between 5.8% and 6% [19], the upper
limit being exceeded in men with type 2 diabetes due to
their increased predisposition (6.3%) [20]. In Romania,
studies of diabetic foot prevalence are inadequate, and
those performed indicate that 14.85% of diabetics have
problems with their legs [21].

Research has shown that the presence of foot lesions is
a predictive mortality factor for the diabetic patient even at
10 years [19]. The diabetic foot generates 85% of
amputations without a traumatic cause and corresponds
to a mortality rate of 13-15% among diabetics [22]. The
number of diabetic foot amputations has been steadily
increasing and may be considered an indicator of the
effectiveness of multidisciplinary diabetic foot
management. In this respect, the only study conducted for
a 5 year period in Romania revealed that 16,873 diabetic
patients suffered 24,312 amputations, both in the foot and
in the shank or thigh. [23]

In our service, in a 12-month analysis, a prevalence of
29.77% of the diabetic foot was identified in the total
pathology treated, overcoming other pathologies such as
skin tumors [24] and the amputations had a rate of 54.82%
[25].

The appearance of foot lesions means marked physical
and emotional impairment for the patient, social and
professional disorder, and financial loss [26]. The costs of
diabetic foot care are steadily rising, estimated at 20-40%
of the health care budget [27]. In 2015, such spending has
reached $ 1.3 trillion worldwide [28].

The diabetic foot recognizes several local treatment
options: dressings with arthritic sulfadiazine debridement
agents, excisional debridements, purulent collection
evacuation, necrectomy, ostectomy, amputations at
different levels, most often being required certain
combinations of those mentioned above. Repeated surgical
interventions, tremendous developments, often with the
progression of necrotic lesions deplete the patient’s
biological and psychological resources, prolong the period
of hospitalization, or lead to new admission episodes
leading to unsatisfactory functional and aesthetic results,
seriously affecting the quality of the patient’s life. Applying
amethod of treatment, such as negative pressure therapy,
that creates the least amount of discomfort to him, while
hurrying healing is a good decision of the care team. The
efficacy and safety of the negative pressure system has
been highlighted in over 1,000 specialist papers [29], being
an effective option for a wide range of wounds, especially
for the chronic ones with low healing chances.

NPT is a non-invasive method with partially understood
mechanisms of action [30], which is based on the exertion
on the wound of a sub-atmospheric negative pressure
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within the range of -50 mmHg and -175 mmHg, via
polyurethane or polyvinyl alcohol sponge, fixed to the
wound by an adhesive foil that provides a waterproof
environment. The pressure and suction effect are provided
by a digitally controlled pump, connected to the sponge by
aflexible tube, and the exudates are collected in a receiver-
tank with a capacity of 500 mL or 1000 mL [31]. NPT acts
on interstitial fluid excess, thus reducing edema, improving
tissue perfusion and removing infectious factors.
Exercising mechanical forces on the tissues stimulates
their granulation. The sponge introduced into the wound,
under the effect of negative pressure, causes mechanical
tissue microdeformation, which favors cellular proliferation
[32,33]. For a diabetic foot patient, healing is not only about
solving the infectious process or removing necrotic tissue,
but also repairing residual defects through skin grafts and
proximity or distant flaps. The success of such procedures
is ensured by a viable granular bed capable of integrating
the graft or flap. NPT has been shown to be effective in
preparing the granular bed and reducing local infection [34].

The use of NPT in the diabetic foot patient is necessarily
preceded by excisional debridements, the procedure
recommended by diabetic foot care guides because it
favors healing, transforming chronic wounds into acute
ones by removing necrotic tissue [35]. Not all patients can
benefit from NPT, with contraindications such as
osteomyelitis, fistulization, necrosis, blood vessel
exposures, tumor formations, or defects remaining after
excision of tumors. It is also used with caution in patients
with clotting disorders, given the high risk of bleeding, in
those who have exposed bones and tendons, and in the
situation where the blood infusion in the wound is severely
impaired [36].

The advantages of NPT have been highlighted in multiple
studies compared to conventional therapies (debridement
dressings), appealing to various measurable indicators
such as the evolution of ulcer size, the incidence of
amputations, including the secondary ones, the period of
granular bed formation, the number of hospitalization days,
costs, but also to qualitative indicators, respectively the
degree of comfort and improvement of the quality of life of
the patient.

Thus, Blume [37] reported in his study that 14.3% of
patients who received vacuum therapy had less than half
of the time needed to cure ulcers with classic dressings,
antiseptics and ointments.

An analysis of the incidence of amputations revealed
that for 342 patients who were treated with NPT, an
amputation risk of 4.1% compared to 10.2% was found in
those with other types of therapy [34]. In another research,
we observed the incidence of secondary amputation at a
higher level due to the progression of the lesions and the
ineffectiveness of the applied measures. The results were
in favor of the NPT for which the incidence was 20%
compared to 24% for the group that received the classic
treatment [38]. In the same study it was concluded that
76% of cases treated with NPT for one week developed
granular tissue, while for conventional therapies the
percentage was 28%. In other studies [39,40], NPT favored
the formation of the granular bed in 18.8 + 6 days,
respectively in 17.25 + 3.55 days. Positive results were
also found in reducing the size of ulcers and the number of
hospitalization days. For the NPT group, the lesions initially
had an average size of 40.44 &+ 2.82 cm? and were reduced
to 36.08 £ 2.56 cm?. In the case of dressings with
debridement agents, the diminution of the dimensions was
from 38.52 + 2.73 cm? to 37.63 + 2.86 cm? Statistically
significant was also the decrease in the number of
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hospitalization days (22.87 £ 7.62 for NPT compared to
32.53 £ 10.17 for other therapies, p = 0.02) [38].

The study conducted by Karatepe et al [41], consisting
of the application of a 36-items questionnaire on physical
and mental health, revealed the real benefits of NPT for
the quality of life of the patient, compared to the control
group that followed conventional local therapies for treating
the diabetic foot.

In the case presented, the advantages of NPT use in the
local management of the diabetic foot are obvious:
obtaining a 2/3 graftable granular bed on the transtarsal
atypical amputation stump with integral graft in the area,
reducing the stress generated by the daily changes in the
case of conventional dressings imposed by massive
exudates, amelioration of the local microbial condition
(subsequently, the NPT culture from the plague was
negatively affected). It is also important that the obtained
functional result is superior (preservation of the ankle and
hind foot) compared to the situation in which the
amputation of the shank is chosen, the patient being able
to move with support on the right leg, after prosthesis with
orthopedic boot. Moreover, as he partially kept his foot and
the stump is functional through the orthopedic shoe port,
the patient can reintegrate much easier into the social-
familial life without feeling the loss of self-esteem due to
impaired body image and limited capacity to meet their
basic needs. The therapeutic option of amputation would
have meant to reduce the hospitalization period to about 2
weeks, but the post-intervention patient’s quality of life
would have been much lower.

The NPT efficiency is conditioned by the patient’s
compliance, which makes it imperative, before installing
the dressing kit, an objective appreciation of his ability to
understand and comply with the conditions of the therapy.
Good information of the patient on the rate of changes of
the dressing, at the set he will have to adopt, with significant
limitation of mobility, on the advantages and possible local
complications (maceration of the healthy skin around the
ulcers, pain) will reduce the risk of his pulling out the
negative pressure device or causing additional lesions. Our
patient was compliant, and the NPT provided the necessary
conditions for reconstructive surgery with good functional
results, preventing amputation of the shank.

Conclusions

NPT is an easy, non-invasive treatment for acute and
chronic ulcers of the diabetic foot with a variety of
advantages, which is clearly preferable to conventional
therapies, although it may have higher costs, but which
brings real benefits to the quality of life of the diabetic
patient.
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