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ABSTRACT

Regulated negative pressure-assisted wound therapy (RNPT) should be regarded as a state-of-the-
art technology in wound treatment and the most important physical, nonpharmaceutical, platform
technology developed and applied for wound healing in the last two decades. RNPT systems
maintain the treated wound’s environment as a semi-closed, semi-isolated system applying external
physical stimulations to the wound, leading to biological and biochemical effects, with the potential
to substantially influence wound-host interactions, and when properly applied may enhance wound
healing. RNPT is a simple, safe, and affordable tool that can be utilized in a wide range of acute
and chronic conditions, with reduced need for complicated surgical procedures, and antibiotic
treatment. This technology has been shown to be effective and safe, saving limbs and lives on a
global scale. Regulated, oxygen-enriched negative pressure-assisted wound therapy (RO-NPT) is
an innovative technology, whereby supplemental oxygen is concurrently administered with RNPT
for their synergistic effect on treatment and prophylaxis of anaerobic wound infection and promotion
of wound healing. Understanding the basic science, modes of operation and the associated risks
of these technologies through their fundamental clinical mechanisms is the main objective of this

review.
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INTRODUCTION

ound infection was once a major cause
of disability and mortality. However, the
introduction of antiseptic techniques and
antibiotics has dramatically changed the course of
wound healing. Today, however, wound healing is of even
greater global medical and financial significance because
of advancements in technologies, high-speed traffic
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accidents, modern weaponry’s destructive capacity, the
extension of life-expectancy, the increase in chronic
diseases and the surging worldwide prevalence of
diabetes, as well as the problem of antibiotic resistance.
Any substantial progress in wound healing is expected to
lead to a considerable improvement in health on a global
scale.

RNPT utilizes subatmospheric pressure (vacuum, negative
pressure) to optimize the wound’s microenvironment
to promote the healing process. This unique, physical,
nonpharmaceutical  technology applies regulated
subatmospheric pressure to a wound, inflicting a variety
of phenomena with the desired end-point of improved
healing of simple and hard-to-cure, acute and chronic
wounds. Through multiple publications on its advantages
in various clinical applications during the last decade,
RNPT has been established as an important technology,
yet the full scope of the basic science and its associated
mechanism of action, modes of application, and safe use
need to be explored further.!"

At the core of RNPT is the application of negative pressure,
generated by a pump and controlled and regulated by
a computerized program through predetermined mode
settings of the applied negative pressure to the wound.
The predetermined modulations of the basic functions of
the vacuum source: the pressure level that is being applied
to the wound, the mode of application (intermittent,
continuous, or cyclic-continuous) with appropriate
time intervals, as well as safety measures (sensors and
alarms for exudate flow and vacuum levels), are of major
importance in determining RNPT’s advantages. Negative
pressure is directed through tubing to a flexible open cell
foam mold with pores in the range of 100-600 ym, which
covers or is embedded in the wound. The multiporous,
compressible mold is sealed with an air-tight drape,
isolating the wound from the atmosphere above, and
applying near-uniform subatmospheric pressure to the
entire wound surface area [Figure 1].

Woundinfectionisamajorimpedimentto healing.All chronic
wounds are colonized by bacteria, often without systemic
clinical manifestation and significance when a low level of
bacteria is involved; yet infection may play a significant role
in wound healing when high-level bacterial counts subsist
with deep invasion. Host-microbial interactions determine
the progression of colonization to tissue invasion, infection,
local damage, septicemia, and sepsis. Diverse microbial
flora invade the wound bed of chronic nonhealing wounds,
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initially Gram-positive skin contaminants and gradually
changing to various pathogenic species including aerobic
Gram-negative rods as well as anaerobic bacteria, some in
complex communities of aggregated bacteria embedded
in an extracellular polymeric matrix of polysaccharides,
forming a barrier defined as biofilm.

Indications for RNPT have widened during the Iast
decade and now include a wide range of: chronic wounds
(wounds in diabetic and PVD-affected limbs, decubitus
ulcers), dehisced and infected surgical wounds, traumatic
wounds, deep and partial-thickness small-to-medium
size burns or wide area burns treated in increments, and
treatment of skin grafts and flaps.

It is essential to improve this technology, widen its scope
of applications, and lessen its intrinsic risks by better
understanding the scientificbasis ofits mechanismsthrough
systematic basic science research, observant clinical
application, analysis of patient-risk factors, and careful
determination of its limitations and contraindications for
certain clinical conditions and wound types.

The physical basis of RNPT

RNPT affects tissue through multiple, at times conflicting,
physical effects of suction forces, topical pressure,
shearing forces, and modification of the wound’s
atmospheric composition. These combined mechanisms
trigger complex environmental, physical, chemical, and
biological conditions that affect and determine wound
healing. It is imperative to fully understand these
physical mechanisms in an integrated manner due to
their implications on various clinical conditions.

=

Macuum source and
controller

Mold with o S,
drape covering

Figure 1: The basic concept of the RNPT system is illustrated: the application
of preset computer-regulated negative pressure, generated by a pump,
led by tubing to contact with the wound surface by a dressing or a porous
compressible mold sponge covered, and is air-tight sealed by a drape
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Suction forces

Suction forces created by RNPT lead to a pressure gradient
between the top-sealed open cell mold atmosphere
and its attaching wound surface. These suction forces,
applied into the wound cavity, have been reported to
reverse lymphatic flow, reduce bacterial count, evacuate
wound fluids, decompress tissue oedema, and induce
granulation tissue formation.?

Reversal of lymphatic flow

Bacterial clearance was claimed to result from a decrease
in wound surface area in vacuum-treated wounds.
Case reports also showed a significant decrease in
nonfermented Gram-negative rods (e.g., Pseudomonas)
in biopsy specimens harvested from vacuum-treated
wounds.P! In a study by Wagner et al., examining growth
factor levels in acute and inflamed wounds, case reports
showed positive smear cultures in inflamed wounds
before vacuum treatment but negative smear cultures
during vacuum treatment.

The effect of negative pressure on tissue’s lymphatic flow
was demonstrated in our laboratory in a rabbit model
by subcutaneous injection of methylene blue at various
distances from the wound edges and evaluating the
lymphatic flow distribution pattern [Figure 2]. A distortion
from the regular elliptical pattern of lymphatic flow away
from the wound, towards regional lymph nodes was
demonstrated by the application of RNPT to the wound.
Dye injected in close proximity to the wound’s margins
demonstrated a reverse flow pattern with a shift towards
the wound, indicating a reversal of lymphatic flow from
the surroundings of the wound towards the low pressure
source.

Figure 2: Reversal of lymphatic flow pattern in experimental RNPT treatment
in a rabbit model. Wound is covered with an RNPT system, reversing the flow
of the injected dye by suction forces to spread towards the vacuum source
instead of drifting towards regional lymph nodes
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This basic mechanism of reversal of lymphatic flow
induced by suction forces during RNPT should be
considered of significant clinical value, better elucidating
the mechanism of bacterial clearance from the wound,
the limitation of bacterial spread, and the rationale of the
need for early initiation of RNPT to avoid dissemination
of infection, and explaining the clinical observation of
the reduced need for antibiotic treatment associated
with RNPT.

Induction of granulation tissue formation

The most prominent reported effect of RNPT is the rapid
growth of granulation tissue in the wound. RNPT was
reported to induce and accelerate granulation tissue
formation in porcine and rabbit wound models./>®

Studies examining the rate of granulation tissue formation
in swine wounds showed that the 125 mmHg pressure-
treated wound filled with granulation tissue significantly
faster than 25 mmHg and 500-mmHg treated wounds. !
RNPT may induce granulation tissue to cover exposed
bones and tendons, enabling coverage with skin grafts.?

Evacuation of wound fluids and decompression
of tissue oedema

Crushinjuries, complex fractures, acute vascularischaemia,
and deep burns may be associated with self-perpetuating
inflammatory response, soft tissue oedema, and increased
interstitial pressure. The integrity of the capillary
basement membrane of blood vessels is damaged during
wounding, leading to increased permeability of capillaries
and oedema, followed by decreased peripheral perfusion
and ischaemia as seen in compartment syndrome. Chen et
al. reported restoration of the integrity of the basement
membrane and narrowing of the endothelial spaces
following RNPT.® RNPT may have a role in the treatment of
small- and medium-sized deep burns or partial treatment
of big burns, by decongestion of oedema in the zone of
stasis, improving the chances for recovery of tissue. RNPT
can be applied in conjunction with surgical decompression
of compartment syndrome and be applied directly on the
fasciotomy wounds to further decompress the limb by
sucking out fluid,and assisting in decompression of the
internal tension (clinical cases, case 2). Initiation of RNPT
at an early stage of injury is important to reduce infection.

Topical pressure

Application of subatmospheric pressure through a mold
to the wound was shown, by laser Doppler measurements,
to result in an immediate increase in tissue perfusion and
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was claimed to be an important factor accounting for the
favorable effects of RNPT.5!

This hypothesis was questioned and challenged by our
in vitro and in vivo experimental findings of the topical
pressure inflicted on tissue beneath circumferential
and noncircumferential RNPT dressings on both an
artificial and a live lower limb models, simulating clinical
application of RNPT. We detected a near-linear rise of
topical pressure beneath the dressings by increasing
negative pressure of RNPT [Figure 3]. Pressure transducers
were located at proximal and distal lower extremities
of healthy volunteers and artificial leg model. Pressure
gauges were placed between the skin and the mold to
monitor the internal topical pressure induced by the
increasing negative pressure. A near-linear rise of internal
pressure beneath the mold was observed.

These findings contradict the reported increase of blood
flow in wounds treated by RNPT and suggest the relative
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Figure 3: Experimental graphs demonstrating the relations between the
negative pressure applied to the wound and the topical pressure inflicted by
circumferential dressing of RNPT underneath the dressings in simulated lower
limb and artificial lower limb wound models

reduced perfusion that may lead to local ischaemia inflicted
by the topical pressure underneath the RNPT dressings.

The actual effects of the pressure inflicted under RNPT
system dressings may be further determined by the
tissue plasticity, the underlying skeletal structure,
presence of foreign bodies and their pliability, the
physical characteristics of the mold, as well as the form
of application of hard objects inside or under the mold.
Excessive topical pressure with hard noncompressible
tubing may lead, in extreme cases, to ischaemia and
necrosis [Figure 4a-b].

Kairinos et al. have also challenged previous reports
claiming increased blood flow by RNPT based on Doppler
measurements. They suggest that the application of
negative pressure to the wound may, initially, partially
occlude the underlying compressible vessels with the
compensating increase in blood velocity in the wound’s
capillaries, misinterpreted by laser Doppler readings as
“increased perfusion”. Kairinos et al. therefore suggested
that laser Doppler is unsuitable for measurements of
tissue perfusion under RNPT.”!

This positive compression pressure inflicted on tissues
by circumferential or topical RNPT dressings may be of
considerable and, at times, of critical clinical significance
in patients with predisposed peripheral vascular disease,
with reduced ankle-brachial ratio (below 0.5) and low
tissue perfusion pressure, as well as in treatment of
traumatized tissue with compromised blood circulation.

Either ankle blood pressure measurements or Doppler
monitoring, while recognizing their limitations, should
precede and monitor RNPT in ischaemia predisposed treated
areas. A lower work/pause time ratio in the intermittent or

Figure 4: (a) Crush degloving injury to the foot following a road accident. Patient was treated with wall suction (300 mmHg) (b) Vacuum was connected to the
sponge with a tube inserted at the bottom of the sponge inflicting excessive point topical pressure to the damaged tissue underneath, leading to necrosis (black
arrows pointing at the tube and white arrows to the affected necrotic tissue)
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cyclic continuous RNPT operation modes should be applied
to the wound to reduce ischaemia time and increase relative
reperfusion time in order to reduce potential damage.

Shearing forces

Intermittent operation of RNPT was reported to improve
wound healing and blood flow in animal studies, as well
as in clinical applications, by stimulating angiogenesis
and granulation tissue,>'%" but an explanation for the
mechanism involved has not been provided.

Chin et al. demonstrated, in a mouse model, the effect
of a servo-controlled skin-stretching device inducing
predetermined cyclical stretching forces on skin
growth.'” It was demonstrated that the application of
cyclical tensile force generated transient, alternating
hypoxia and reperfusion that led to accelerated tissue
growth. These mechano-transduction signaling pathways
were found to upregulate principal growth factors, skin
perfusion, angiogenesis and epidermal proliferation.

Intermittent operation of RNPT relay cyclical shearing
forces and deformation to the underlying wound surface.
Thus, one of the basic mechanisms that induce wound
healing by intermittent negative pressure is associated
with cyclical stretching forces on the underlying tissues
generating mechano-transduction signaling that may
enhance wound healing.

Modification of wound atmospheric composition

Lowering of atmospheric pressure decreases pO, in
accordance with Dalton’s Law and may affect RNPT in
the same manner. In order to confirm this hypothesis
and to better understand the physiology of RNPT, an
in vitro experimental model was designed to determine
the spectrum levels of pO, in the environment of wounds
treated with RNPT and oxygen-enriched RNPT." pO,
was measured at various oxygen flows and negative
pressure ranges as indicated in clinical applications for
wound treatment. pO, values in the RNPT investigated
system revealed a linear decrease of pO, values, in
direct correlation with the subatmospheric pressure
that was applied to the simulated wounds. Simultaneous
administration of oxygen to the system in the RO-NPT
setup increased the pO, measured under a clinical range
of applied subatmospheric pressure, in direct correlation
with oxygen inflow until reaching a plateau.

Anaerobes proliferateinanoxygen-depleted environment
and can be a major setback to the healing process of
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various wounds, becoming a potentially life-threatening
risk in severe complicated cases such as necrotizing
fasciitis (NF)."¥ Numerous publications concerning
the sensitivity of anaerobic bacteria to oxygen have
suggested that the size of growth-inhibition zones is
directly proportional to the logarithm of the partial
pressure of oxygen used.!'>!°l

NF is a life-threatening, rapidly progressive bacterial
infection spreading through the deep fascial plane,
with secondary necrosis of the fascia and subcutaneous
tissues."” Once NF is suspected, empirically, broad-
spectrum antibiotics must be administered immediately.
Early, aggressive, and frequent surgical debridement and
exploration of necrotic tissue is essential, combined
with intensive medical care and HBO as an adjunctive
therapy."® HBO is considered standard treatment in cases
where anaerobic infection of soft tissue is documented
or suspected.'"! In light of the above, those sporadic
reports suggesting treatment of NF with VAC?*?!! should
be reassessed. Type 1 NF is an example of an infection
involving anaerobic bacteria in which RNPT should be
contraindicated, where RO-NPT may be of imperative
clinical significance, making it an alternative or, at times,
preferable treatment to intermittent tissue oxygenation
with HBO. The concept of topical oxygen therapy as an
alternative to HBO has been acknowledged. Not only
is it potentially less toxic, it may also be much more
accessible and convenient, less expensive, and have few,
if any, complications.”?

The few case reports that relate the development
of infection associated with RNPT, recommend the
discontinuation of RNPT in anaerobic wound infections >
In order to minimize this complication, it was
recommended to use VAC only on clean healthy wounds,
thus limiting the scope of indications for RNPT. None of
the reports, however, refer to the basic physical laws of
gases to substantiate this recommendation. The optional
advantages of simultaneously joining the two strategies
of supplemental oxygen together with subatmospheric
pressure for the combined prevention and treatment
of anaerobic wound infections and the enhancement of
wound healing seem to have significant merit. Laboratory
measurements, jointly with positive wide clinical
experience, point to the benefits of enriching the wound
atmosphere with oxygen. Oxygen levels in the wound,
treated with RO-NPT, can be monitored, calculated, and
adjusted by altering oxygen inflow and/or subatmospheric
pressure to attain the desired pO, level. Careful handling
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of oxygen supplement to the wound is mandatory to
avoid risk of flammability and combustion. RO-NPT may
routinely be applied in NF cases, as prophylaxis in major
trauma injuries, and in diabetic and PVD wounds.

CLINICAL APPLICATIONS OF RNPT AND
RO-NPT

Indications

RNPT was originally applied to enhance healing of
chronic wounds for treatment of diabetic foot and PVD-
affected limbs. Indications have been widened to include
neuropathic, postirradiation, and pressure sores. RNPT
hasbeen extensivelyapplied in treatment of major trauma,
in wide tissue losses, for treatment of open fractures; for
various surgical applications, including dehiscence of
surgical wounds, postoperative wound infections, and
complications of failed sternal closures; in destructive
deep burn injuries, deep and partial-thickness small to
medium-sized burns; and for the enhancement of skin
graft and flap survival.

There is a special indication for treatment of RNPT
in crush injury and compartment syndrome. RO-NPT
was designed for the prevention of anaerobic wound
infections and as a supplemental mode of treatment of
apparent anaerobic infections. Currently, the author is
using RO-NPT for most major trauma, infected surgical
wounds, and chronic wounds that are normally treated
with negative pressure.

Contraindications

Special precautions and restrictions should be applied
when using RNPT with the principal contraindications
are summarized below.**?! RNPT is contraindicated in
conditions where acute uncontrolled bleeding may occur.
A meticulous haemostasis should be established prior to
the application of RNPT. The care provider should insure
that no exposed blood vessels, nerves, or internal organs
are in direct contact with the vacuum system. RNPT should
be restricted in patients with open wounds who are treated
with anticoagulants. Ulcerated malignant wounds are
contraindicated for treatment by RNPT as vacuum treatment
may accelerate tumour growth within the wound cavity.
RNPT is contraindicated for treatment of unexplored fistulas.
As mentioned above, RNPT should not be applied with
apparent anaerobic infection, where RO-NPT should be used.

The care provider should not leave a wound covered for
an extended time without effective negative pressure in
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order to avoid bacterial overgrowth and superinfection.
Osteomyelitis was considered to be a contraindication for
RNPT treatment with no apparent reasoning. The author
has substantial experience treating these conditions with
RNPT and RO-NPT with significant success.

RNPT should be restricted to small- and medium-sized
burns or to a limited area of wide burns, as treatment
of big area of deep or partial-thickness burns may lead
to extensive extracellular fluid loss and electrolyte
imbalance by the applied vacuum.

Suction forces and acute bleeding

Negative pressure has not infrequently been applied to a
wound by direct connection to wall suction or to portable
nondedicated suction machines, devices regulating
vacuum levels of suction only [Figure 5].

By using wall suction or regular suction machines, the wound
may be exposed to continuous negative pressures of 300
mmHg and over, with limited or no regulation of negative
pressure and no hazards indicators, alluding to various
important physiological consequences with potential
catastrophic outcome of uncontrolled, undetected bleeding,
into typically large volume canisters. In November 2009,
the FDA issued a preliminary Public Health Notification of
six deaths and 77 serious complications associated with
negative pressure wound therapy systems over a period
of 2 years prior to the notification.”® In its notification,
healthcare practitioners were especially alerted to bleeding
and infections associated with the use of negative pressure
wound therapy (NPWT) systems, and were provided with
recommendations to reduce the risk. Although rare, these
complications can occur wherever NPWT systems are used,
including acute and long-term healthcare facilities and at
home. This catastrophic yet expected complication should

Figure 5: Types of suction used for NPT (a) Wall suction (b) Portable suction
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have been anticipated to occur with any negative pressure
system that is applied to the wound. It would be logically
anticipated that the greater the vacuum applied to the
wound the greater the risk of bleeding. Bleeding should be
anticipated when treating post-traumatic, postoperative,
recently debrided wounds, in RNPT and RO-NPT systems
applied to exposed organs or vessels and in patients with
compromised coagulation systems (patients treated with
anticoagulants or patients with congenital or acquired
clotting disorders). Strict measures should be taken in
order to avoid uncontrolled bleeding. Evaluation of risk/
benefit should precede RNPT and RO-NPT. Meticulous
haemostasis
monitoring of the patient’s haemodynamic status and
wound. The minimal effective negative pressure that would
be clinically beneficial should be applied. RNPT devices
should incorporate systems that indicate active bleeding,
induce immediate cessation of suction and initiate instant
audio-visual alarms that can alert both care provider and
patient to possible active bleeding.

should be confirmed with continuous

CASE PRESENTATIONS OF CLINICAL USE OF
RNPT AND RO-NPT

Case 1

A33-year-old patient was admitted following a motorcycle
accident, sustaining compound fractures of the tibia and
fibula. The fractures were stabilized with external fixator
and severe compartment syndrome required lateral and
medial leg fasciotomy [Figures 6a,b]. The RNPT system
was applied to the wound after meticulous haemostasis,
to reduce oedema and contamination, simultaneously
with TopClosure® skin stretching and secure system
[Figures 6b,c|. Skin was closed gradually, stretching the
outer skinwith TopClosure® combined with tension sutures
that run on top of the TopClosure® plates to prevent direct
pressure of the sutures on the skin, thus avoiding the
common additional visible horizontal scars [Figure 6d].
The combined use of the RNPT system and TopClosure®
to reduce infection and to gradually approximate wound
edges eliminates both the need for skin grafting and for
secondary aesthetic surgery [Figures 6e,f].

Figure 6: Case 1. Application of RNPT in compartment syndrome
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Typical closure of fasciotomy would be closing one side
with gradual direct approximation of skin edges and the
closure of the other side with skin graft. In this case,
staged closure of both fasciotomy scars with TopClosure®
enabled direct closure of both wounds without the use
of skin graft at all.

Case 2

An 81-year-old woman was admitted due to a motor
vehicle accident, suffering from extensive damage to her
right upper limb and chest wall. Due to wide damage to
the upper limb, disarticulation was performed, leaving
a large cavity extending below the right breast, down
to the right upper abdominal quadrant [Figure 7al.
Following recurrent sepsis episodes due to inadequate
drainage of the infected wound, RNPT was applied. The
sponge was inserted into the wound cavity, enabling

Figure 7: Case 2. Application of RNPT in heavily infected wounds

ideal, effective drainage of the entire wound cavity
surface [Figures 7b-c]. Change of wound dressing was
performed regularly in the operating room. No further
episodes of sepsis were observed following treatment
with RNPT. Gradual extraction of the sponge from the
wound allowed sequential obliteration of the wound
cavity until complete wound edge approximation and
healing [Figure 7d]. RO-NPT would have been a preferable
choice of treatment today.

Case 3

A 36-year-old man sustained a crush thermal industrial
injury (by a hot wheel) of his forearm [Figure 8a]. The
patient underwent early wound debridement [Figure 8b]
followed by RO-NPT as a prophylactic treatment for
anaerobic infections [Figure 8c]. Early granulation tissue
growth with no episodes of systemic or local infection
were observed, enabling quick grafting and healing of
the wound without hypertrophy or limitation in range of
motion [Figures 8d-f].

Case 4

A 20-year-old man sustained 2™ degree burn of his
lower limbs following chemical burns due to misuse of
fat removal cleaning material. The burn was treated by
thorough irrigation with saline and early application of
RNPT to both affected limbs [Figures 9a-b]. The course
of healing was remarkably fast without signs of local or
disseminated infection [Figures 9d-e]. RNPT may enable
fast healing of burn wounds with improved scaring.

Case 5
A 71-year-old obese female with insulin-treated type 2
diabetes, presented with cellulitis and gangrene of her

Figure 8: Case 3. RO-NPT for treatment of crush-burn wounds
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2" toe. Following amputation of the toe [Figure 10a],
vacuum treatment was commenced. The wound was
closed gradually, assisted by incremental approximation of
wound edges by TopClosure® under RNPT [Figures 10b,c].
RNPT should be regarded as a substantial tool for closure
of diabetic ulcers restricting the application of low
vacuum for avoiding topical ischaemia. Complete healing
of the wound on both the dorsal and plantar aspects of
the foot is shown [Figure 10d].

Case 6

RNPT treatment is an important tool for hard to heal wounds
that are associated with some degree of pressure ulcers.
It is of unique importance in dealing with elderly patients
confined to bed with various pressure ulcers [Figures 11a,b].
In this group of patients, surgical procedures may pose life-
threatening risks that impose conservative treatment for
most of these wounds. The application of TopClosure® and
RNPT may enable bed-side, minimal surgical procedures
to close this kind of wound, thus reducing surgical risks.
In this patient, conservative, bed-side debridement of the
wound was performed with combined treatment of RNPT
and TopClosure® to clean, stretch and secure the skin
[Figure 11c], followed by total excision of the wound under
local anaesthesia with primary closure [Figure 11d]. This
extends the indications of the technology for treatment of
previously abandoned cases.

Recommended RNPT operational modes,
vacuum pressure level range, span, frequency of
dressing changes

Vacuum pressure in RNPT should be tailored to each
specific wound and adjusted according to the patient’s
clinical condition. Greater negative pressure should
be strictly avoided during the early stage of trauma
treatment. Severe, life-threatening bleeding may result
from the application of RNPT in the treatment of acute
trauma, immediately after surgery, and especially in the
early stages following debridement of wounds.

The past determination of 125 mmHg as the ideal negative
pressure and its recommendation for use should be
regarded as obsolete and should be ignored. The higher
range of negative pressures should be regarded as an
ischaemia-inducing setting that may aggravate clinical
ischaemic conditions such as in peripheral vascular disease,
diabetic foot, and traumatised tissue. Excessive topical
pressure may lead to compromised blood circulation and
impairment of wound healing together with greater risk of
bleeding. We have been applying lower negative pressure
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Figure 10: Case 5. Combined RNPT and TopClosure in management of
diabetic foot

Figure 11: Case 6. Application of RNPT in pressure ulcers
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in the range of 60—-80 mmHg in the intermittent mode, for
routine treatment of diabetic foot and PVD-induced limb
ulcerations. Patients with an ankle-brachial ratio less than
0.5 should be treated with the lowest effective negative
pressure and should be closely monitored for distal
perfusion impairment, mainly when having circumferential
RNPT dressing. When higher levels of negative pressure
(deeper vacuum) are needed for the initial treatment of

heavily contaminated wounds, tissue ischaemia can be
managed and tolerated by short-term higher negative
pressure values applied in an intermittent mode.

Our personal recommended vacuum pressures for various
conditions and modes of application are presented in
Table 1. The practicing physician should recognize the risk
for bleeding and infection and adjust settings for specific

Table 1: Proposed technical guidelines for clinical application of RNPT and RO-NPT***

Indication for Working-pressure Operation modes: intermittent  Rate of dressing Remarks*
use — clinical range (mmHgQ) (INTRM), continuous (CONT), change (every-~
stages On/off min days)
Trauma
Acute phase 40-60 INTRM 2-3/1-2 1-2 Stop active bleeding before starting RNPT
Stable 70-120 INTRM 3-5/1-3 2-4 treatment. Watch for active bleeding. Do not
condition apply to blood vessels or internal organs.
Apply lowest pressure possible in range.
Increase pressure and frequency of dressing
change for treatment of infected traumatic
wounds. Apply nonadhesive antimicrobial
dressing to the wound below the sponge.
Intermittent mode is preferable.
Chronic wounds
Decubitus 70-120 INTRM 3-4/1-2 2-4 Conservatively debride necrotic tissue prior
ulcers to application of RNPT. Start treatment
with greater vacuum in intermittent mode
when wounds are heavily infected. Reduce
pressure as the wound becomes cleaner.
Consider combined systemic antibiotic
treatment.
Peripheral vascular disease, diabetic foot
Acute 60-90 INTRM INTRM 2-3/1 1-2 Correlate RNPT with measured ankle-
(ONLY!) brachial pressure ratio. Use lowest pressure
Chronic 50-70 INTRM INTRM 3-2/ 1 2-5 possible in range. Much greater negative
(ONLY?) pressure (100-120 mmHg) may be applied
for a few days for treating heavily infected
wounds, applying a 2:1 ratio in intermittent
mode and frequent dressing changes.
Reduce pressure as soon as the wound
becomes cleaner. Evaluate distal perfusion.
Burns
Acute 40-90 INTRM 3-5/1-2 1-3 Limit application to small-medium-sized
Nonacute 60-90 INTRM 3-5/1—-2 2-4 deep burns. Limit surface area to be treated
according to the amount of fluid discharge
from the wound. Stop treatment If excessive
fluid is drained. Watch for acute bleeding.
Determine electrolyte balance and evaluate
need for systemic antibiotic treatment.
Conservatively debride 3rd degree burns.
Apply higher vacuum in range for heavily
infected wounds.
Skin Grafts
Skin Graft 50-80 CONT for 2-3 days followed by 4-7 Stop active bleeding before starting

INTRM mode 6-4/1-2

treatment. Use lowest pressure possible
in range. Apply nonadhesive antimicrobial
dressing to the wound below sponge.

*Safety measures regarding the use of RNPT should always be considered and implemented. Effective vacuum should be applied to the wound at all times in
order to avoid super-infection. If vacuum is ineffective for over 30 min, aeration of the wound by removal of occlusive dressing or another form of ventilation should
be considered. Conservatively debride necrotic tissue prior to the application of RNPT. Alwaysconsider the necessity for RO-NPT for treatment or prevention of
anaerobic infection. Evaluate the need for initiation and cessation of systemic antibiotic treatment in conjunction with RNPT, **The above technical guidelines
should be regarded only as a general recommendation by the author. The treating physician should be knowledgeable with RNPT and RO-NPT and be qualified to

amend and adjust treatment to match each individual clinical condition
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vacuum pressure, work/pause ratio, and frequency of
dressing changes according to the varying clinical conditions
for each individual wound.

SUMMARY

RNPT should be regarded as a breakthrough technology
in wound treatment and is the most important physical,
nonpharmaceutical, platform technology developed and
applied for wound healing in the last two decades. When
properly applied, it is a simple, safe, and affordable tool
that can be utilized in a wide range of acute and chronic
conditions in medicine, surgery, orthopedics, plastic
surgery, vascular surgery, etc., with reduced need for
antibiotics and complicated surgical procedures, and lower
cost. This technology has been shown to be effective and
safe, saving limbs and lives on a global scale. RO-NPT is an
innovative technology, whereby supplemental oxygen is
simultaneously administered with RNPT for their synergistic
effect on treatment and prophylaxis of anaerobic wound
infection and promotion of wound healing. Understanding
the basic science of these technologies through their
fundamental clinical mechanisms is at the core of their
improved application.
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