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Ramathibodi Instill-Soak-Suction System (RISS System)
for Negative Pressure Wound Therapy with Instillation
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Background: Negative pressure wound therapy with instillation combines sub-atmospheric pressure with a topical irrigation
solution. The antiseptic solution is delivered to the wound, soaked for a period of time, and negative pressure is applied to
cleanse the wound. Cycles are then repeated. It has been reported as a novel effective adjunctive wound treatment for infected
or contaminated wound with positive clinical outcomes. The commercial device has not been available in Thailand.
Objective: The present study is to evaluating safety and effectiveness of the system, instillation soaking and suction in wound
therapy. In addition, previous the study also the information in clinical use.
Material and Method: An automatic device for controlling cycles of negative pressure wound therapy with instillation was
designed and built. The Ramathibodi Instill-Soak-Suction system (RISS system) was created by using the device with basic
hospital supplies. The system was tested with multiple artificial wound models to confirm safety and consistent function. Then
it was applied to two patients who had positive aerobic culture traumatic wound. The data collected from the patients were
reported.
Results: RISS system tested with the wound models could work properly throughout seven days of trial period without any
mechanical failure. The good distribution of instillation solution was seen over the surface of artificial wound models. The
clinical use in two patients with colonized traumatic wounds showed improvement of aerobic culture from wound beds and
reduction in wound sizes with no complications caused by the device or system failure.
Conclusion: We invented a reliable automatic device and developed the RISS system that can provide negative pressure
wound therapy with instillation as an adjunct local wound therapy. The preliminary use in two clinical cases showed
improvement of aerobic culture results and reduction in wound surface area.
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Negative pressure wound therapy (NPWT)
or vacuum-assisted closure is being used to effectively
treat a spectrum of wounds worldwide for decades(1-5).
However, the recommendation is to avoid using in
contaminated or infected wounds(6). NPWT with
instillation combines sub-atmospheric pressure with a
topical irrigation solution. It has been developed to be
used for these types of wounds(7,8). The cycles consist
of three phases; (1) instillation, topical wound treatment
solution is delivered to wound bed, (2) soak, the solution
is held in the wound bed for a period of time, and (3)
NPWT, the solution, wound exudates, and infectious
materials are removed as negative pressure is delivered.

Then the cycles are repeated(9). The instilled solutions
enhance wound fluid viscosity then exudates,
infectious materials, and wound debris are cleansed
from the wound during NPWT(10,11).

The appropriate instillation solutions that
can be used are Lavasept, Prontosan and Microsyn/
dermacin(12). Duration of each phase, volume of
instillation and duration of therapy varies. Furthermore,
this also varies between studies(13).

Much of the literature reported NPWT with
instillation as a novel effective adjunctive treatment of
a wide variety of wounds(6,13-18). In consensus document
by expert panel, NPWT with instillation can be used in
acutely and chronically infected wounds, contaminated
wounds, diabetic wounds, traumatic wounds, decubitus
wounds, wounds with exposed bone, wounds with
underlying osteomyelitis, infected wounds in the
presence of orthopedic hardware or joint implants, or
wounds that are a bridge between staged/delayed
amputation(13). It has been reported to reduce time to
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wound closure, length of hospital stays, culture
improvement, reduce number of operative visits,
increase percentage of wound closure before
discharge(12), clinical infection cleared(16), reduce rate
of amputation(15), and reduce recurrence of infection(6).

Commercially NPWT devices with instillation
are made available with pad, tube set, and foam dressing
but the daily cost of use is quite high (about $194.80/
day)(19). These devices are not available in Thailand.

Objective
The first objective of this study is to invent

the automatic device controlling cycles of instillation
of topical irrigation solution, soak, and suction.

The other objective is to create RISS system
that combines the invented device with basic supplies
in hospital, such as gauze dressing, nasogastric tube,
infusion catheter set, Ioban, canister and wall suction
to provide NPWT with instillation as adjunctive
treatment for patient with contaminated or infected
wound in Ramathibodi Hospital.

Material and Method
The device for controlling cycles of NPWT

with instillation was designed. It was invented by
medical instrument technician and maintenance crew
of Ramathibodi Hospital.

The device is designed as an acrylic box (Fig.
1) containing 220V AC to 12 V DC voltage transformer.

Motor with relay: to control occlusion arm

that compress infusion set catheter externally to control
fluid flow in instillation phase.

Solenoid valve: to control negative pressure
phase from negative pressure generator by open/close
valve.

Timer circuit kits: to control time in
each phase of cycles and displays the count
of seconds, minutes, hours on front LED. Instill, soak,
and negative pressure time can be programmed from 1
second to 99 hours by separate buttons. The cycle
will repeat automatically.

The approximate cost of the device is 6,500
baht.

The RISS system (Fig. 2) consists of the
invented device connected to the instillation solutions
drip via infusion set connected with nasogastric tube
No. 14 to the wound bed. The infusion set is placed in
a rack that is controlled by the motor with an occlusion
external arm (keep the solution in sterile condition).
Another nasogastric tube is placed on the wound bed
to drain the fluid and exudates after soak time to 1.5
liter CRD or the canister that is connected to the device
and wall suction as a negative pressure generator. The
negative pressure duration is controlled by a solenoid
valve. Gauze dressing is applied at wound defect and
sealed with Ioban as conventional NPWT in
Ramathibodi Hospital (Fig. 3).

The RISS system was tested and evaluated
using six artificial wound models created by stucco
(Fig. 4). The artificial wound models consisted of shallow
wound, deep wound, wound with tunnel, and wound
with undermining edge. They were used to confirm
that the system can work properly, timers function
normally, the fluid can be distributed all over the wound
surface and cavity, and detect any mechanical problems
such as leakage, failure of dressings, temperature, and
noise. Temperature was measured by digital

Fig. 1 A-B) Front view and superior view of the device.
C) Lateral view shows the solenoid valve. D) Lateral
view shows motor control occlusion arm.

Fig. 2 A) Diagram of the RISS system. B) Supplies for
the RISS system.
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Fig. 4 A) Artificial wound models. (B) Wound models
with RISS system.

thermometer during the trial period.
Protocol for test the RISS system with wound

models was using tap water as test fluid, instill time
was duration until the dressing was fully soaked, soak
time was six minutes, negative pressure (-125 mmHg)
time was three hours thirty minutes. The trial was
continued for seven days with water replacement when
depleted.

After testing the RISS system with the wound
models, the clinical use in patients who had positive
aerobic culture from wound bed was conducted.

Because the set-up is not the portable, it needs wall
suction to create negative pressure, the patients that
have limit activities only on bed during the period of
study were selected. All patients provided written
informed consent before participation. Protocol for
clinical use was similar to wound model, except
Prontosan® (polyhexanide plus 0.1% betaine; B. Braun,
Inc.) 350 ml was used as instillation solution. The
dressing was changed every three days and continued
for seven days. The surface areas of wounds were
calculated by photography based method using OAWA
program in smartphone with a reference frame. Aerobic
culture was obtained from wound bed before and after
use of RISS system. The patients were followed-up
until final wound closure.

The project has been reviewed and approved
by the Committee on Human Rights Related to Research
Involving Human Subjects, Faculty of Medicine,
Ramathibodi Hospital Mahidol University, based on
the Declaration of Helsinki.

Results
RISS system tested with artificial wound

models could work properly throughout the trial period
for seven days without any mechanical failure (Fig. 5).
Neither leakage of irrigation fluid nor loss of negative
pressure during the NPWT phase was detected. Low
noise was created. Temperature of the device was 27 to
31 degrees Celsius. The distribution of instillation
solution, seen on wet area at base of wound models,
revealed that nearly all of the surface contacted with
gauze dressing and can be soaked with instillation fluid
during repeated cycles of instillation (Fig. 6).

The following cases show the preliminary
experience using RISS system on patients with
contaminated traumatic wounds.

Case 1
A 48-year-old man presented with pelvic

fracture, avulsion wound at left hip, and nearly
amputated right leg after he was hit by a minibus.
Percutaneous screw fixation and above knee amputation
of right leg was performed after two debridement
operations and subsequent dressings of the avulsion
wound at left hip with NPWT for a period of time.
Moderate Proteus mirabilis and few Acinetobacter
baumannii were isolated (105 CFU/g tissue). The
patient showed no systemic signs of infection. The
RISS system was applied for local adjunctive wound
management as protocol and carried out for seven days.
The initial wound surface area was 131.18 cm2. There

Fig. 3 Diagram of conventional NPWT.
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were neither leakage nor failure of the dressings, so the
dressings can be changed as planned every three days.
Follow-up aerobic culture showed few Proteus mirabilis
(<103 CFU/g tissue). The wound was more shallow
and wound surface area at seven days after using
RISS system was 123.16 cm2. The wound defect was
completely healed by Split-thickness skin graft
(STSG) coverage (Fig. 7).

Case 2
A 58-year-old man presented with open

comminuted fractures at base of the first to fourth left
metatarsal bones, proximal and distal phalanges of first
toe, cuboid, and navicular bone after his foot was
crushed under a crane. Debridement and K-wire fixation
and external fixator was applied. Wound defect was
seen at dorsum of left foot after multiple debridement.
Few Staphylococcus coagulase-negative was isolated
(<103 CFU/g tissue). The RISS system was applied as
protocol. Initial wound surface area was 61.9 cm2.
Follow-up aerobic culture showed no bacterial growth.
The wound surface area was decreased to 57.7 cm2.
After clearance of bacterial colonization, NPWT was
applied until there was no bare tendon exposure. The
wound was completely healed by STSG coverage
(Fig. 8).

Discussion
Successful use of NPWT with instillation was

first published by Fleischmann et al(7). Generations of
commercially NPWT devices with instillation have
been developed since 2003. The published literature

Fig. 5 A) Wound model in soak phase. B) Wound model
in suction phase.

Fig. 6 Good distribution of instillation solution on wound
models.

Fig. 7 A) Wound defect at left hip. B) The RISS system
was applied. C) Soak phase. D) Suction phase. E)
Defect after 7 days. F) After STSG coverage.

Fig. 8 A) Wound defect at dorsum of left foot with tendon
exposure. B) After multiple debridements. C,D)
The RISS system was applied. E) Defect before
skin grafting. F) After STSG coverage.



J Med Assoc Thai Vol. 100 Suppl. 9  2017                                                                                                                S29

by many authors supports NPWT with instillation as
an option to treat many types of colonized wound,
infected wound, and wounds that not responded to
conventional NPWT with positive clinical
outcomes(6,11,12,15,16,18).

We invented the automatic device and created
the RISS system using the concept of NPWT with
instillation, which can be applied safely in patient with
contaminated or infected wound. The approximate cost
of the invented device is 6,500 baht and the basic
supplies used in the RISS system are at an affordable
price when compared to the commercial one.

Prontosan® (Polyhexanide plus betaine)
contains antimicrobial and surfactant, has shown broad
spectrum antimicrobial activity and ability of biofilm
eradication(20-22). The protocol used in this study is
based on recently published retrospective, cohort,
controlled study that reported positive results on
hospital stays, time to final surgical procedure, culture
improvement, and percentage of wound closure before
discharge(12).

In our study, the pilot clinical use of RISS
system in two patients with colonized traumatic wound
showed improvement of aerobic culture results and
reduction in wound size with no complications caused
by failure of the device or the set-up.

Limitations of our study are (1) we have no
commercial device as a gold standard for NPWT with
instillation (VAC Instill® Therapy Unit, VAC VeraFloTM;
KCI USA, Inc.) to compare with our invented device
and set-up. (2) The invented device and set-up is not a
portable design and need wall suction to create negative
pressure. Therefore, only the patients that are unable
to ambulate during the study period (above knee
amputation of right leg in case 1 open fracture s/p
external fixation of left foot in case 2) were selected in
this study so that the patients had no activity limitation
caused by the device and set-up. (3) Distribution of
instillation solution was assessed by subjective
method.

The favorable preliminary results may
warrant further use of the RISS system in patients with
various wound type in other subspecialty field such as
orthopedic surgery, spine surgery, visceral surgery,
thoracic surgery, vascular surgery, or pediatric surgery
as reported in the literature(15,16,23-26). Future prospective
comparative trials can be conducted regarding other
types of instillation solutions, duration of soak time,
and duration of negative pressure. A portable device
may be designed for ambulatory and patients with
normal daily activity.

Conclusion
We designed the automated motor-solenoid

timer device and developed a RISS system that can
provide NPWT with instillation as an adjunct local
wound therapy. The preliminary use in two clinical cases
showed improvement of aerobic culture results and
reduction in wound surface area.

What is already known on this topic?
There are many reviews for the benefit of using

negative pressure wound therapy with instillation
(NPWTi) and dwell time for adjunctive treatment in
selected complex wounds.

With the scientific background, wound
cleansing by instillation will be combined to negative
pressure wound therapy in effective management of
wound bed in terms of cleansing, soaking, and
removing excessive exudate.

What this study adds?
This study adds simplified automated system

of device that can generate cycle of instillation, dwell,
and sucking out in specific period of time. The device
is made of simple electronic circuit regulating input
and output to the wounds and is safe, even after a
lengthy use. This automated device is a prototype
device that can be used in the indicated wounds and
patients.
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    

⌫⌫   

 ⌫ ⌫⌫
⌦⌫ ⌦ ⌫
⌫⌫⌦⌫
 ⌦  ⌫
  ⌫⌫
⌫ ⌫⌦   
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