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Abstract

Because China is becoming an aging society, the incidence of diabetes and diabetic foot have

been increasing. Diabetic foot has become one of the main health-related killers due to its high

disability and mortality rates. Negative pressure wound therapy (NPWT) is one of the most effective

techniques for the treatment of diabetic foot wounds and great progress, both in terms of research

and its clinical application, has been made in the last 20 years of its development. However, due to

the complex pathogenesis and management of diabetic foot, irregular application of NPWT often

leads to complications, such as infection, bleeding and necrosis, that seriously affect its treatment

outcomes. In 2020, under the leadership of Burns, Trauma and Tissue Repair Committee of the

Cross-Straits Medicine Exchange Association, the writing group for ‘Consensus on the application

of negative pressure wound therapy of diabetic foot wounds’ was established with the participation

of scholars from the specialized areas of burns, endocrinology, vascular surgery, orthopedics

and wound repair. Drawing on evidence-based practice suggested by the latest clinical research,

this consensus proposes the best clinical practice guidelines for the application and prognostic

evaluation of NPWT for diabetic foot. The consensus aims to support the formation of standardized

treatment schemes that clinicians can refer to when treating cases of diabetic foot.

Key words: Vacuum sealing drainage, Vacuum-assisted closure, Vacuum-assisted therapy, Negative pressure wound therapy,
Topical negative pressure therapy, Suction wound closure therapy, Diabetic foot, Diabetic ulcer, Diabetic wound

Highlights

• Irregular application of NPWT often leads to complications, and seriously affect its treatment outcomes.
• The writing group for the present article was established with the participation of scholars from the specialized areas of burns,

endocrinology, vascular surgery, orthopedics and wound repair.
• The consensus aims to support the formation of standardized treatment schemes that clinicians can refer to when treating

cases of diabetic foot.

Background

Diabetic foot is a serious complication in patients who have
advanced diabetes and refers to foot infections, ulcers and/or
deep tissue destruction caused by nerve abnormalities and
vascular lesions in the distal lower limb(s) of these patients.
According to the International Working Group on the Dia-
betic Foot [1], an amputation for diabetic foot is performed
every 20 seconds and for more than 1 million people every
year. In 2017, there were 425 million diabetic patients glob-
ally and this is expected to increase to 629 million by 2045.
According to an expert opinion published in the New England
Journal of Medicine, 19–34% of diabetic patients develop
diabetic foot ulcers, the mortality rate 5 years post amputa-
tion is greater than 70% and the mortality rate 2 years post
amputation in those on kidney dialysis is as high as 74%
[2]. The mortality risk in patients with diabetic foot is much
higher than in those with some malignant tumors. Diabetic
foot has become one of the main health-related killers due to

its high disability and mortality rates; therefore, its prevention
and treatment has become an urgent clinical issue.

The treatment of diabetic foot requires a cross-disciplinary
and systematic approach that comprises blood glucose
control, surgical debridement, vascular recanalization,
decompression treatment and supportive treatment. Control-
ling wound infection and promoting tissue repair are vital for
preventing amputation or reducing the level of amputation
[3, 4]. The concept of negative pressure wound therapy
(NPWT) was first established and applied in clinical practice
by a German physician, Fleischmann, in 1993 and has, ever
since, been recognized for its remarkable effect in improving
wound drainage, enhancing perfusion and promoting the
growth of granulation tissue. Today, NPWT is widely used
for various acute and chronic wounds, such as diabetic foot
ulcers. In 2016, NPWT had been recommended with class
I evidence by the Wound Healing Society of the United
States in its diabetic foot ulcer treatment guidelines. NPWT
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improves wound healing by reducing edema, removing
bacterial products and approximating wound edges and
should be considered as a treatment strategy when others fail
[5]. In 2017, the European Wound Management Association
had reported that NPWT-assisted treatment for diabetic
foot ulcers promotes granulation tissue proliferation and
accelerates wound healing [6]. The International Working
Group on the Diabetic Foot recommended using NPWT to
promote ulcer healing in its 2019 international guidelines on
the prevention and management of diabetic foot [1].

As NPWT is an important adjunctive treatment for dia-
betic foot wounds, it should be standardized in terms of its
application conditions, parameter adjustments, evaluations
and other important aspects. The consensus committee of
Tucson Expert Consensus Conference on V.A.C. Therapy
first published ‘Guidelines regarding negative wound therapy
(NPWT) in the diabetic foot’ in 2004 in the United States [7];
this document, which was later updated and revised in 2006,
provides suggestions on the clinical application of NPWT for
diabetic foot wounds [8]. Although NPWT was developed
within 30 years, rapid progress in research and its clinical
applications has been made, especially regarding its use in the
management of diabetic foot wounds.

For these reasons, and for the purpose of establishing
evidence-based guidelines, the Tissue Repair of Burns and
Trauma Committee and the Cross-Straits Medicine Exchange
Association discussed the latest clinical research and drafted
this ‘Consensus on the application of negative pressure
wound therapy for diabetic foot wounds’. By providing
guidance on the best clinical practice guidelines for the
application and prognostic evaluation of NPWT for diabetic
foot, this consensus aims to support the formation of
standardized treatment schemes that clinicians can refer to
when treating cases of diabetic foot.

Methods

Data retrieval

This consensus was compiled by professional scholars from
the specialized areas of burns, endocrinology, vascular
surgery, orthopedics and wound repair and based on high-
quality literature on the application of NPWT for diabetic
foot. This article is based on domestic and foreign guidelines,
combined with the clinical experience and research results
and is written with an emphasis on practicability and
feasibility. Each recommendation in this article represents
a consensus from the specialists committee. However, due to
the lack of sufficient evidence from large-scale randomized
controlled trials (RCTs) and a comprehensive understanding
from the specialists committee, many of the recommendations
in this paper are preliminary and require further evidence
before they can be fully recommended.

The key words used in the search for relevant litera-
ture were: vacuum sealing drainage, vacuum-assisted clo-
sure, vacuum assisted therapy, NPWT, topical negative pres-
sure therapy, suction wound closure therapy, diabetic foot,

diabetic ulcer and diabetic wound. The search was conducted
on the PubMed, Embase and Cochrane Library databases.
The retrieval time ranged from the time the databases were
established to 1 July 2020. References to support manual
retrieval were also used for topics limited to human diseases.
The types of articles that were reviewed included meta-
analyses, systematic reviews, randomized controlled trials,
retrospective series reviews, clinical case series and expert
panel recommendations.

Levels of evidence and grades of recommendation

The levels of evidence and grades of recommendation of
each article were classified according to a modified version
of the evaluation system of Oxford Centre for Evidence-
based Medicine levels of evidence (May 2001) (Table 1) [9].
According to the Delphi technique, each evidence guideline
underwent independent and repeated evaluations by every
member of our panel of experts before a unanimous opinion
regarding recommendations was reached.

Recommendations

Application of NPWT for diabetic foot wounds

Overview The treatment of diabetic foot wounds requires
a multi-disciplinary and systematic approach [10, 11]. The
therapeutic goal should be to not only prevent the spread of
infection and reduce the level of amputation but also prevent
the progression of systemic atherosclerotic diseases, delay
the occurrence of diabetes-related complications, prevent the
occurrence of cardiovascular and cerebrovascular events and
reduce mortality [12]. For diabetic foot wounds, the funda-
mental therapeutic principles are the control of wound infec-
tion, improvement of local tissue perfusion and promotion of
tissue repair. Due to its excellent effects of enhancing local
perfusion, promoting granulation tissue growth and improv-
ing wound healing, NPWT has become an important adju-
vant treatment in the management of diabetic foot wounds
[13–25]. According to many clinical randomized controlled
studies, the application of NPWT for diabetic foot wounds
may significantly increase the rate of wound healing, shorten
healing time and reduce the rate of amputation [26–38]; it is
currently recommended by the Wound Healing Society and
the European Wound Management Association [39–41].

(Grade of recommendation: strong; level of evidence:
strong.)

Prerequisite conditions NPWT for diabetic foot wounds is
recommended under the following conditions:

(1) Wound infection is well-controlled: after debridement,
the necrotic tissue has cleared and infection (especially
if hidden in the fascia or interstitial space) has been
controlled [42–49].

(2) The risk of bleeding is well-controlled: bleeding has
completely stopped after debridement, there is no active
bleeding or exposed vascular damage on the wound,
there is no serious risk of coagulation dysfunction or
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Table 1. Level of evidence and grade of recommendation for the application of NPWT in DFU

Level of evidence
Strong Based on well-designed randomized controlled trials, meta-analyses or systematic evaluations
Moderate Based on well-designed cohort or case–control studies
Weak Based on well-designed case series and expert advice
Grade of recommendation
Strong Indicating a clear treatment effect or highly unanimous recognition by experts
Moderate Indicating unclear possible risks and effect after treatment
Weak Indicating expert opinions about a likely treatment choice with low level of evidence at the present stage

This table is modified based on 2001 Oxford Centre for Evidence-Based Medicine ‘Levels of Evidence’ and ‘Grades of Recommendation’ [9]
NPWT Negative Pressure Wound Therapy, DFU Diabetic Foot Ulcer

potential bleeding and INR range from 1.0 to 2.0 [7, 50,
51].

(3) The risk of ischemia is well-controlled: there is adequate
wound and distal limb perfusion and TcpO2 > 40 mmHg,
ABI range from 0.9 to 1.3 or TBI ≥ 0.6 [52–58].

(Grade of recommendation: moderate; level of evidence:
moderate.)

Parameter settings
Pressure For diabetic foot ulcers without vascular

lesions, the recommended pressure range is between −125
and −80 mmHg [59, 60]. For vascular stenotic or occlu-
sive lesions, the recommended pressure range is between
−80 mmHg and −60 mmHg [61].

Mode NPWT may be applied in a continuous, intermittent
or variable mode. In clinical practice, the most commonly
used mode is continuous, in which a stable level of negative
pressure is maintained. Intermittent pressure therapy (IPT) is
a relatively newer mode in which the negative pressure device
switches on and off at preset time intervals (e.g. 5 minutes on,
2 minutes off). Many studies have shown that the blood flow
and granulation tissue growth achieved by the IPT mode are
much better than those seen when using the continuous mode.
However, due to the tissue deformation that occurs with every
cycle of IPT, patients may experience significant pain. There-
fore, the variable pressure therapy (VPT) mode was created.
The biggest difference between the VPT and IPT modes is that
the minimum negative pressure value of the VPT mode is a
certain negative pressure value (e.g. −10 mmHg), rather than
0 mmHg. The VPT mode has the same advantages as the IPT
mode but causes less pain and is easily accepted by patients.
Both preclinical and clinical studies have shown that IPT and
VPT modes lead to better granulation tissue growth, wound
contraction and wound epithelialization. It is therefore rec-
ommended that the continuous mode is applied for the first
48 hours, followed by the IPT (5 minutes on, 2 minutes off)
or VPT mode (high: −80 mmHg, low: −10 mmHg).

Note The settings should be adjusted according to the
patient’s condition and the size of the wound [62–65].

(1) For larger and more complex wounds that are difficult
to seal, the negative pressure value may be increased
accordingly.

(2) For patients who have undergone skin grafting or dermal
stent grafting, the continuous mode should be applied for
5–7 days.

(3) For patients who are at risk of bleeding (e.g. coagulation
dysfunction or long-term anticoagulant use), the negative
pressure value should be reduced accordingly.

(4) Some patients cannot tolerate even slight amounts of
pain; therefore, the NPWT mode should be selected
according to the patient’s pain tolerance.

(Grade of recommendation: moderate; level of evidence:
moderate.)

Evaluation and management of the effect of NPWT in
treating diabetic foot wounds For surgical debridement of
diabetic foot wounds, the ‘nibbling’ principle, with limited
batched debridement, is usually adopted. There are an abun-
dance of soft tissue and fascial spaces in the feet. In clinical
practice, a small amount of necrotic tissue may remain within
the wound and, even after several rounds of debridement,
it is unlikely that hidden foci of infection would have been
removed. Therefore, there is a risk that infection may spread
after NPWT [66]. In addition, even after revascularization of
the ischemic wound, there is a short-term risk of reclosure
of blood vessels and wound ischemia. At the same time, for
patients who need to take anticoagulants for a long duration,
there may be a risk of wound bleeding after NPWT [67].
In order to detect potential risks like infection, bleeding,
ischemia, it is recommended that daily evaluation is done
to carefully inspect for wound pain, redness and swelling;
changes in skin color and temperature around the wound;
and color, odor and volume of wound drainage fluid; along
with blood tests and imaging to comprehensively evaluate
for wound infection, ischemia, bleeding, and the overall con-
dition of the patient [68–71]. If wound infection is not
under control, avascular necrosis is aggravated or the wound
continues to bleed, the negative pressure dressings should
be removed and the wound should be reevaluated. NPWT
may be applied again only after infection is controlled, tissue
ischemia has improved and the risk of bleeding has reduced
[72]. If pain and swelling are aggravated, but without wound
infection, tissue ischemia, or other systemic conditions, it is
recommended to reduce or suspend the negative pressure,
change the mode of negative pressure treatment for observa-
tion and remove the negative pressure if necessary [73].

After 1–2 rounds of NPWT application, a comprehensive
evaluation of its effects should be conducted. The effective-
ness evaluation and recommended treatment measures are as
follows [74–77].
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(1) Significantly effective: there is growth of new granula-
tion tissue on the wound surface or a reduction of the
wound surface with surrounding epithelialization; it is
recommended to continue NPWT.

(2) Effective: wound infection or tissue ischemia improves,
the wound is ruddy and blood perfusion is good; it
is recommended to apply NPWT 1–2 times and re-
evaluate.

(3) Ineffective: wound infection or tissue ischemia does not
improve, the infection is aggravated or the tissue is more
necrotic; it is recommended to stop the NPWT, recanalize
the blood vessels and re-evaluate after infection is
controlled.

(Grade of recommendation: moderate; level of evidence:
moderate.)

Frequency of replacement The frequency of NPWT
replacement after debridement should be determined based
on the condition of the wound [78–81]. In the absence of
infection, active bleeding or tissue ischemia, it is recom-
mended that the dressing is replaced after 3–5 days and
within 7 days. The frequency of dressing replacement after
skin grafting may be extended to 5–7 days.

Note Polyvinyl alcohol foam is hydrophilic, so it tends to
harden and block the vessels when there is less wound exuda-
tion and may even compress the wound site and cause tissue
ischemia; thus, close observation and timely NPWT dressing
replacement is required. The pore diameters of polyurethane
foam are relatively large, providing room for granulation
tissue to grow into. Therefore, NPWT should not be applied
for a long time to avoid the risk of granulation tissue growing
into the porous structure of the foam and causing damage and
unnecessary blood loss during foam removal [82].

(Grade of recommendation: weak; level of evidence:
weak.)

Common complications and their management Before
applying NPWT for diabetic foot wounds, the application
conditions should be fully understood. Continuous assess-
ment should occur throughout the process and the application
should be stopped or the vacuum dressings replaced accord-
ing to the situation of the wounds [83–85]. Compared with
conventional diabetic foot wound treatment methods, NPWT
does not significantly increase complications. The possible
complications and recommended measures are as follows.

(1) In cases of wound bleeding or aggravation of wound
infection, treatment with NPWT should be stopped
immediately, the NPWT device should be removed and
the conditions should be reassessed after the infection is
controlled by hemostasis or debridement and a dressing
change [86].

(2) In cases of aggravation of ischemia or necrosis, treatment
with NPWT should be stopped immediately, the NPWT
device should be removed and the conditions should
be reassessed after the ischemia improves by increased
perfusion [87].

(3) In cases of eczema around the wound or tension vesicles
on the region of normal skin under the applied film
(the most common complications), a skin film should be
applied to protect the surrounding skin, the vacuum pres-
sure should be reduced and skin stretch when applying
the film should be minimized [88].

(4) In cases of granulation tissue growing into the foam
material, NPWT should not kept for too long and be
replaced at intervals of 3–5 days. Foam material should
be removed as thoroughly as possible to prevent a sec-
ondary infection [89].

(5) If the wound pain or edema worsens, but wound infec-
tion, tissue ischemia and systemic conditions can be
excluded, negative pressure might be reduced or paused,
the negative mode can be changed and closely observed,
or remove it if necessary [90].

(Grade of recommendation: moderate; level of evidence:
weak.)

Economic evaluation Compared to conventional treat-
ment, NPWT reduces the number of dressing changes, the
consumption of medical supplies and the requirement of
human resources; this results in lower treatment expenses and
medical costs and a higher overall potency ratio. Therefore,
NPWT is recommended for the treatment of diabetic foot
wounds [91–105].

(Grade of recommendation: moderate; level of evidence:
moderate.)

Application of improved NPWT In recent years, many
improved NPWTs have been used for diabetic foot wounds,
including NPWT with instillation [64, 106–114] and local
oxygen negative pressure [115]. Preliminary studies have
shown that these have certain advantages in preventing and
controlling wound infections and promoting wound debride-
ment [107, 116–118]; however, there is limited high-quality
research evidence at present and large-scale multicenter clin-
ical verification is still needed.

(Grade of recommendation: weak; level of evidence:
weak.)

Specific applications of NPWT for complicated diabetic

foot wounds

Infected wounds Diabetic foot wounds are highly susceptible
to infection and, if severe, may develop into extensive celluli-
tis, osteomyelitis or even necrotizing fasciitis, which are life-
threatening. For severely infected patients, a comprehensive
assessment of the patient’s systemic condition is required
and amputation should be performed if necessary [119–121].
For limb-salvage patients, multiple debridement operations
should be performed. Vascular recanalization and other treat-
ments may be used to improve distal tissue ischemia and
ensure sufficient blood perfusion after necrotic tissue removal
and infection control [122–125]. NPWT may only be applied
on this basis. At the same time, continuous assessment is
required during the application and NPWT should be stopped
or replaced according to the clinical situation [126–128].
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(Grade of recommendation: moderate; level of evidence:
weak.)

Wound exposing bone and/or tendon For wounds expos-
ing bone and/or tendon, it is recommended that a skin flap
coverage be used. NPWT may be used to improve the basic
condition or cultivate granulation tissue to create a suitable
condition for the transfer of a skin flap or skin graft in the
following cases.

(1) The basic conditions of the wound are currently unsuit-
able for skin flap repair [129–131].

(2) Skin flap repair cannot be performed due to vascular
stenosis or poor blood supply. [132].

(3) Small wounds exposing bone and/or tendon [96, 133].

(Grade of recommendation: weak; level of evidence:
weak.)

Wounds with osteomyelitis For diabetic foot wounds with
osteomyelitis, thorough debridement, removal of sequestrums
and systemic antibiotic therapy for 2–4 weeks are required.
NPWT should be used until the infection is effectively con-
trolled [134–136]. Continuous assessment and close obser-
vation for local infection of the wound are required during
the application process and NPWT should be stopped or
replaced accordingly [137–139]. For osteomyelitis patients
with poorly controlled infection, or in cases for whom the
control of infection is yet to be determined, NPWT should be
used with caution [140, 141].

(Grade of recommendation: moderate; level of evidence:
weak.)

After skin graft or flap transfer Studies have shown
that for both reticular skin grafts and stamp skin grafts,
continuous vacuum suction effectively increases the survival
rate of the skin and shortens the time required for wound
healing [142–145]. It is recommended that NPWT is applied
in continuous vacuum suction mode with a pressure between
−100 and −80 mmHg for 5–7 days according to wound
exudation [146–148].

The conventional use of NPWT devices is not recom-
mended after flap transfer. If NPWT is used, it is necessary
to avoid pressing the pedicle of the flap. Continuous vacuum
suction should be performed for 48 hours, followed by IPT
(suction for 5 minutes, pause for 2 minutes) with a pressure
between −80 and −60 mmHg for 3–5 days according to
wound exudation [149, 150].

(Grade of recommendation: moderate; level of evidence:
weak.)

Wounds grafted with dermal equivalents Studies have
confirmed that the NPWT device effectively promotes vascu-
larization of the dermal equivalent. At the same time, its good
drainage effect may prevent fluid accumulation under the
dermal equivalent and its decreased need for frequent dressing
changes may reduce possible wound exposure and infection,
improve the success rate of dermal equivalent grafting and
provide good conditions for subsequent skin grafting [151–
154]. After dermal equivalent grafting, continuous vacuum
suction mode should be applied with a pressure between

−100 and −80 mmHg [155, 156] for 5–7 days according to
wound exudation.

(Grade of recommendation: moderate; level of evidence:
weak.)

Wounds after extremity or toe amputations (with con-
dition of primary suture) NPWT is recommended due to
its good drainage effect, which reduces the accumulation of
exudate in the stump, and for its fixation effect (due to vac-
uum sealing for stabilizing the stump tissue), which promotes
tissue remodeling and wound closure [157–159]. Continuous
vacuum suction mode should be applied with a pressure
between −80 and −60 mmHg for 5–7 days according to
wound exudation.

(Grade of recommendation: moderate; level of evidence:
weak.)

Wounds after extremity or toe amputations (without
condition of primary suture) NPWT is recommended for
the treatment of stump wounds to promote granulation
tissue proliferation and tissue reconstruction after the risks of
ischemia and bleeding are reduced, necrotic tissue is cleared
and infection is controlled [160, 161]. The IPT (suction for
5 minutes, pause for 2 minutes) or VPT mode should be
applied, with pressures between −80 mmHg and −60 mmHg
or −80 mmHg and −10 mmHg, respectively, for 3–5 days
according to wound exudation.

(Grade of recommendation: strong; level of evidence:
strong.)

Conclusion

The treatment of diabetic foot requires a cross-disciplinary
and systematic approach, within which NPWT is an
important adjunct treatment for diabetic foot wounds. The
standardized management and application of NPWT may
improve wound exudate drainage, enhance blood perfusion
and promote wound healing. In view of the potential risks
after its application, we compiled this consensus through a
systematic review of the literature, aiming to form standard-
ized treatment schemes for diabetic foot through the use of
NPWT. However, it is necessary to point out that the levels
of evidence in this consensus are not very high; therefore,
more high-quality randomized controlled trials are needed
to determine the most appropriate application methods and
potential effects of NPWT for diabetic foot wounds.
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wound therapy; VPT: variable pressure therapy.
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