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Abstract

Objective: NPWT has evolved as a standard treatment for chronic traumatic and infected wounds,
demonstrating an increase in wound healing when compared to normal wound care treatments. The NPWTi is
a combination of the traditional NPWT with various fluid instillations into the wound. The objectives of this
paper were to see whether there is any benefit in administering a saline infusion in addition to the conventional
NPWT.

Method: Around 40 patients were enrolled in our study, with 20 patients in each of the NPWT and NPWTi
groups, with a mean age of 60 years. The efficacy in treatment was assessed in terms of wound bed score, the
number of follow-ups to wound closure, and the wound closure methods

Result: There was no statistical significance in the number of follow-ups required in both groups (P value
0.622). The NPWTi group showed rapid wound healing in the initial two follow-ups with a significant P value
(P=0.00), but both groups showed comparable wound healing in the third and fourth follow-ups with no
statistical difference (P=0.564). The end outcome in terms of wound closure could not be compared due to
differences in wound volume in patients requiring skin grafting.

Conclusion: In comparison to NPWT, NPWTi demonstrated accelerated wound healing, increased granulation
tissue, and brought down infection, however wound closure in terms of secondary suturing or split thickness
skin graft was the same in both groups.

Keywords: negative pressure wound therapy; vacuum-assisted closure; instillation; wound therapy

Abbreviations: The Indian Epidemiological Data has reported chronic wounds to be 4.5
. per 1000 population and acute wounds to be nearly double that is 10.5 per
NPWT-Negative Pressure Wound Therapy 1000 population. Non healing wounds have resulted in increased rate of
NPWTi- Negative pressure wound therapy using instillation amputations, longer hospital stay, sepsis and even death. Treating large
WBS- Wound bed score chronic wounds till date poses a significant challenge to the health
practitioners, more over to the patients by adding to their disease burden
with immense health expenditures [1,2,3].

Non-healing wounds cause severe discomfort and distress to the patient N the 1990s, Negative Pressure Wound Therapy (NPWT) was developed
while consuming a large number of resources from the medical system. ~ for the treatment of full thickness wounds. NPWT functions by
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application of a suction force (negative pressure) applied across a wound
surface via dressing. It claims to speed up the process of wound closure,
reduce infection rates and decrease maintenance cost [4, 5, 6]. In 1983,
Svedman used a technique that allowed for continuous irrigation and
drainage of chronic wounds and reported an increase in wound blood
perfusion and granulation tissue formation in comparison to standard
moist wound dressings [7]. Automated controlled delivery and exit of the
medicated installation solution in the wound bed was devised by
Fleishmann [8]. This was the next generation of NPWT known as the
infusion NPWT (NPWTi) therapy. It promotes wound healing by
enhancing exudate and debris removal, maintaining a clean wound
through integration of wound irrigation as a component of the therapy. It
also provides a controlled delivery of antimicrobials and antiseptic
solutions that helps reducing the bioburden [9]. However, studies
analyzing these two techniques on wound healing is lacking. Therefore,
we aim to observe the effects of infusion NPWT on chronic wound.

Materials and methods:

It was a prospective observational study done in our tertiary care hospital,
all patients above 18 years and willing to participate with diabetic, chronic
or venous ulcer, pressure sore, traumatic or infected wound were included
in our study. The use of NPWT is excluded in the following cases -
pressure ulcers with necrotic tissues, eschar or necrotic bone, patients with
limited life expectancy e.g., end-stage palliative care, pressure ulcer
located where vacuum seal cannot be obtained, e.g., the anus,
indeterminate depth of ulcer, pressure ulcer too close to exposed blood
vessels and/or organs, anastomotic sites and/or nerves.

Patient not receiving adequate nutrition for NPWT treatment were also
excluded from the study. We included 20 patients in each group. The
sample size for this study was calculated to be 20 based on an alpha error
of 5% (with a 95% confidence interval) and a relative precision of 23%
with a 20% margin of error. As per institutional protocol, data was
collected using a pre-made questionnaire on the day of admission which
included demographics, complete history, general physical examination,
etiology of wound, comorbidities, factors affecting wound healing, or
drug history (immunosuppressive drug) were all included. The study's
execution received permission from the institution's ethical committee.
Study was done conforming to the declaration of Helsinki statement.

On each follow-up, the wound bed was examined using the "Vincent
Falanga"[10] wound bed score and the wound was closed using secondary
suturing or a split thickness skin graft, depending on the clinical
assessment [3]. Patients in each group had surgical debridement and
cleaning done before receiving NPWT or NPWTi, with 5-day follow-up.
Wounds were clinically examined in all of the patients in our trial, and a
decision was made whether to use NPWT or NPWTi. In all cases, surgical
debridement was performed, prophylactic antibiotics were administered,
and adequate therapy for related diseases such as diabetes, anemia, or
infection was provided. In cases of chronic and infected wounds, a swab
or tissue sample was sent for culture and sensitivity testing.

Device:

Negative Pressure Wound Therapy (NPWT) employs suction to drive
fluids and drainage away from an open wound. A unique dressing was
used to create a vacuum environment, which increased blood flow to the
wound region, kept it clean, helped it heal and avoid infection. Three
various sizes of foam were available for dressing (large, medium, or
small), and the appropriate size of sponge was used depending on the
wound surface area. The wound was subsequently covered with a
transparent, occlusive dressing. The thin dressing material is used to
produce a tight seal around the wound and surrounding skin. This dressing
is attached to a pump that, when turned on, exerts a negative pressure, or
suction, on the wound [11].

Suction was delivered continuously or intermittently, with a pressure
range of -125 to -75 mmHg according to patient needs. Normal saline was
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used as an installation solution in NPWTi, with a 210-minute
irrigating cycle. For optimum performance and safety, NPWT/NPWTi
system was appropriately maintained. The pump featured a canister for
collecting fluid. Wound assessment was done on every 5 days. The
surrounding skin was also kept clean, and steps were taken to avoid
maceration. The tubing from the dressing to the canister was also kept
free of kinks. The negative pressure seals were not compromised. At least
once a day, and as needed, the device was examined to ensure it had the
correct negative pressure reading.

Depending upon approximation of wound margins and granulation,
wound was closed with secondary suturing or split thickness skin graft.
Graft was harvested from the thigh and moist gauze dressing was done
for donor site.

Assessment:

Our study assessed variables that included wound bed score, time taken
for healthy granulation tissue formation and method of wound closure.
Wound Bed Score (13 points)- The scores were categorized into four
quartiles: 4-9, 10-11, 12 and 13-16; an increase in wound bed score from
one unit to the next increases the odds of healing by 22.8 percent [10] (Fig
A)

Statistical analysis:

Statistical methods were reported as means (standard deviation), medians
(minimum and maximum) and percentages, depending on the type of
variable. Categorical variables were analyzed using Fishers exact test
while continuous variables were compared using Student T test. The data
was analyzed using SPSS v20.0 for Windows (SPSS, Inc., Chicago, IL.).

Results and observation:

In our prospective observational study, we enrolled 40 patients, twenty
patients in each group. One patient from the NPWT group was lost to
follow-up; the NPWT group had 10 males and 9 females with a mean age
of 60.84 years (20-84 years) and the NPWTi group had 12 males and 8
females with a mean age of 57.05 years (30-87 years). The parameters
that influence wound healing were recorded and reported, including
randomized blood sugar levels, serum creatinine levels, and hemoglobin
levels. Confounding factors for wound healing were similar in both the
groups. As a result, the wound healing by negative pressure wound
therapy (NPWT) and infusion negative pressure wound therapy
(NPWTi) were comparable in both groups. The wound size (volume) was
measured in centimeters. Efficacy of wound management device was
analyzed by the following variables: Number of follow ups (up to wound
closure), requirement of skin grafting or primary closure, wound healing
was assessed using wound bed score scale. Demographic data with
confounding factors is recorded in (Table 1). We included comorbidities
diabetes mellitus and hypertension. Out of 39 patients, 10 were diabetic
from NPWT and 5 in NPWTi group with P value of 0.105, and 12 were
hypertensive in NPWT and 5 in NPWTi group with a P value of 0.025.
Twelve of the patients had both diabetes and hypertension (Table 2). The
average number of follow up required reveals the efficacy of therapy,
wound healing was determined by wound bed score on each follow up,
and the number of follow up necessary in both groups was similar with
no statistical significance (P value 0.622). Each wound was followed until
the wound bed was ready for secondary closure or skin grafting. The
NPWTi group showed rapid wound healing in the initial two follow-ups
with a significant P value (P=0.00), but both groups showed similar
wound healing in the third and fourth follow-ups with no statistical
difference (P=0.564) (Table 3) (Figure B). In our study, NPWT group had
15 patients required secondary suturing and 4 patients underwent
superficial split skin thickness grafting. In the NPWTi group, half of them
(10) needed secondary suturing and half (10) underwent skin grafts. Due
to differences in wound volume of patients requiring skin grafting the
final outcome in terms of wound closure cannot be compared (Table 4).
On initial follow-up, wound bed score revealed that the NPWTi aids in
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quick wound healing and granulation, although the end result of wound
bed score was identical in both groups. Fig B shows graph comparing
wound Bed score between NPWT- Negative pressure wound therapy and
NPWTi- Negative pressure wound therapy (infusion)

Discussion

Negative pressure wound therapy (NPWT) is becoming increasingly
popular treatment option for traumatic and infected wounds [12]. In
comparison to the open wound treatment, NPWT has an advantage of
more development of granulation tissue and increase in the mechanical
strain over the wound edges hence resulting in cellular proliferation.
Negative pressure also avoids formation of fluid pockets in the wound.
NPWT with installation (NPWTi) is an advancement of previous therapy,
specifically addressing contaminated and infected wounds which are most
often associated with multiple revision surgeries, chronic pain and
prolonged hospitalization.

NPWTi utilizes these same properties with the added benefit of wound
cleansing with the instillation of topical wound solutions [6]. Depending
on the size and characteristics of the wound, the amount of fluid and
length of the different phases of the cycle can be modified individually
[13]. Even after the surgical procedure, medicines such as antibiotics,
antiseptics, or other fluids can be administered to the wound. The most
commonly applied topical substances are saline, polyhexanide (PHMB),
silver nitrates, and povidone-iodine [14,15]. Gabriel et al. demonstrated
the efficiency of NPWTi in a trial that showed bioburden reduction using
silver nitrate and found encouraging results in clinical infection reduction
when compared to regular wet to moist dressings [16]. A study done by
S.G Goss, demonstrated that debridement alone does not reduce wound
bioburden. Wounds treated with NPWTi had a statistically significant
reduction in bioburden, while wounds treated with NPWT had an increase
in bioburden over the 7 days.[17]. A study conducted by Omar et al
demonstrated that wound healing was accelerated in patients with NPWTi
but there was no difference in outcome in terms of wound closure having
similar results as of our study [18].

Our study showed that the number of follow ups required for wound
management was equal in both the groups with no statistical significance.
Wound bed score (WBS), showed that the efficacy of NPWTi over NPWT
in wound healing was rapid during initial two follow ups, with statistically
significant difference. This observation is novel to our study. Time to
healing or readiness for grafting or secondary suturing is significantly
reduced. But third and fourth follow up wound healing was similar in both
the groups.

Hence NPWT with saline instillation showed rapid wound healing by
angiogenesis (granulation), promoting granulation and removal of
infection as compared to NPWT, however the end result of wound closure
in both the groups was found to be the same. Surgical debridement
followed by 5 days of NPWT is the normal protocol for wound bed
preparation at our institution at present. The NPWT system that we
currently use is a combination of NPWT and NPWTi machine and
therefore the only additional cost of using the installation mode lies in the
choice of installation solution. Saline was used in our study, which was
inexpensive and cost-effective. Absolute costs were not assessed in this
study; however, it appears that the benefits of reducing bioburden in
chronic wounds in this patient population might outweigh the expenses
which is subject to further research.

Limitations:

Our study had a small sample size therefore the interpretation is subject
to caution. Further large randomized controlled trial is warranted for its
clinical application.

Recommendation:

Effectiveness of NPWTi can be further examined by utilizing variety of
installation solution such as antimicrobials. Studies in the future need to
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examine the efficacy of utilizing various dwell times and cycles of
installation for optimal results. Studies need to evaluate the wound
biofilm in order as an indication to use sensitive antimicrobials in
installation solution [17].

Conclusions:

Our study concluded that NPWTi show rapid wound healing, promotes
granulation, decreases infection compared to NPWT, but the wound
closure in terms of secondary suturing or split thickness skin graft were
same in both the groups.

Conflict of interest: None
Funding source: None declared

Reference:

1. Gregor S, Maegele M, Sauerland S, et al. (2008). Negative
pressure wound therapy.A vacuum of evidence Arch Surg.
143:189-196.

2. Gupta, N & Gupta, Sanjeev & Shukla, Vijay & Singh, Sanjay.
(2004). An Indian community-based epidemiological study of
wounds. Journal of wound care.13.323-325.

3. Sia SFand Fong EP. (2006). Modified vacuum assisted closure.
JUMMERC. 9(2): 24-27

4. Banwell PE, Musgrave M. (2004). Topical negative pressure
therapy: mechanisms and indications. Int Wound J. 1:95-106.

5. Centre for Evidence-based Purchasing NHS Purchasing and
Supply Agency: Evidence review: Vacuum Assisted Closure
(R) therapy.

6. Philbeck TE, Whittington KT, Millsap MH, Briones RB, Wight
DG, Schroeder WJ. (1999). The clinical and cost effectiveness
of externally applied negative pressure wound therapy in the
treatment of wounds in home healthcare Medicare patients.
Ostomy Wound Manage., 45: 41-50.

7. Svedman, P. (1983). Irrigation treatment of leg ulcers. Lancet.
2: 8349, 532-534.

8.  Fleischmann W, Russ M, Westhauser A, Stampehl M. (1998).
Vacuum sealing as carrier system for controlled local drug
administration in wound infection. Der Unfallchirurg. 101:649-
654

9.  Wolvos T. (2004). Wound instillation-the next step in negative
pressure wound therapy. Lessons learned from initial
experiences. Ostomy Wound Manage. 50(11):556-668.

10. Falanga V, Saap LJ, Ozonoff A. (2006). Wound bed score and
its correlation with healing of chronic wounds. Dermatol Ther.
19(6):383-390.

11. Argenta LC, Morykwas MJ. (1997). Vacuum-assisted closure:
a new method for wound control and treatment: clinical
experience. Ann Plast Surg. 38(6):563-577.

12. Peinemann, F., Sauerland, S. (2011). Negative-pressure wound
therapy: systematic review of randomized controlled trials.
Dtsch Arztebl Int. 108: 22, 381-389

13. Gathen, M., Petri, M., Krettek, C., Omar, M. (2016). [Negative
Pressure Wound Therapy with Instillation in the Treatment of
Critical Wounds]. [Article in German] Z Orthop Unfall. 154: 2,
122-127

14. Minnich, K.E., Stolarick, R., Wilkins, R.G. et al. (2012). The
effect of a wound care solution containing polyhexanide and
betaine on bacterial counts: results of an in vitro study. Ostomy
Wound Manage 58: 10. 32—-36.

15. Rogers, D.M., Blouin, G.S., O’Leary, J.P. (1983). Povidone-
iodine wound irrigation and wound sepsis. Surg Gynecol
Obstet. 157: 5. 426-430.

16. Gabriel A, Shores J, Bernstein B, et al. (2009). A clinical review
of infected wound treatment with Vacuum Assisted Closure

Page 3 of 4


https://jamanetwork.com/journals/jamasurgery/article-abstract/401480
https://jamanetwork.com/journals/jamasurgery/article-abstract/401480
https://jamanetwork.com/journals/jamasurgery/article-abstract/401480
http://ajba.um.edu.my/index.php/jummec/article/download/4546/2346
http://ajba.um.edu.my/index.php/jummec/article/download/4546/2346
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-4801.2004.00031.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-4801.2004.00031.x
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-13-119
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-13-119
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-13-119
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Philbeck+TE%2C+Whittington+KT%2C+Millsap+MH%2C+Briones+RB%2C+Wight+DG%2C+Schroeder+WJ.+%281999%29.+The+clinical+and+cost+effectiveness+of+externally+applied+negative+pressure+wound+therapy+in+the+treatment+of+wounds+in+home+healthcare+Medicare+patients.+Ostomy+Wound+Manage.%2C+45%3A+41-50.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Philbeck+TE%2C+Whittington+KT%2C+Millsap+MH%2C+Briones+RB%2C+Wight+DG%2C+Schroeder+WJ.+%281999%29.+The+clinical+and+cost+effectiveness+of+externally+applied+negative+pressure+wound+therapy+in+the+treatment+of+wounds+in+home+healthcare+Medicare+patients.+Ostomy+Wound+Manage.%2C+45%3A+41-50.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Philbeck+TE%2C+Whittington+KT%2C+Millsap+MH%2C+Briones+RB%2C+Wight+DG%2C+Schroeder+WJ.+%281999%29.+The+clinical+and+cost+effectiveness+of+externally+applied+negative+pressure+wound+therapy+in+the+treatment+of+wounds+in+home+healthcare+Medicare+patients.+Ostomy+Wound+Manage.%2C+45%3A+41-50.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Philbeck+TE%2C+Whittington+KT%2C+Millsap+MH%2C+Briones+RB%2C+Wight+DG%2C+Schroeder+WJ.+%281999%29.+The+clinical+and+cost+effectiveness+of+externally+applied+negative+pressure+wound+therapy+in+the+treatment+of+wounds+in+home+healthcare+Medicare+patients.+Ostomy+Wound+Manage.%2C+45%3A+41-50.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Philbeck+TE%2C+Whittington+KT%2C+Millsap+MH%2C+Briones+RB%2C+Wight+DG%2C+Schroeder+WJ.+%281999%29.+The+clinical+and+cost+effectiveness+of+externally+applied+negative+pressure+wound+therapy+in+the+treatment+of+wounds+in+home+healthcare+Medicare+patients.+Ostomy+Wound+Manage.%2C+45%3A+41-50.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0140673683905676
https://www.sciencedirect.com/science/article/pii/S0140673683905676
https://link.springer.com/chapter/10.1007/978-3-642-59307-9_12
https://link.springer.com/chapter/10.1007/978-3-642-59307-9_12
https://link.springer.com/chapter/10.1007/978-3-642-59307-9_12
https://link.springer.com/chapter/10.1007/978-3-642-59307-9_12
https://europepmc.org/article/med/15545698
https://europepmc.org/article/med/15545698
https://europepmc.org/article/med/15545698
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1529-8019.2006.00096.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1529-8019.2006.00096.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1529-8019.2006.00096.x
https://api.taylorfrancis.com/content/chapters/edit/download?identifierName=doi&identifierValue=10.1201/b17524-51&type=chapterpdf
https://api.taylorfrancis.com/content/chapters/edit/download?identifierName=doi&identifierValue=10.1201/b17524-51&type=chapterpdf
https://api.taylorfrancis.com/content/chapters/edit/download?identifierName=doi&identifierValue=10.1201/b17524-51&type=chapterpdf
https://academic.oup.com/bja/article-abstract/89/2/277/270586
https://academic.oup.com/bja/article-abstract/89/2/277/270586
https://academic.oup.com/bja/article-abstract/89/2/277/270586
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
http://s3.amazonaws.com/HMP/hmp_ln/imported/pdfs/OWM_October2012_Minnich.pdf
http://s3.amazonaws.com/HMP/hmp_ln/imported/pdfs/OWM_October2012_Minnich.pdf
http://s3.amazonaws.com/HMP/hmp_ln/imported/pdfs/OWM_October2012_Minnich.pdf
http://s3.amazonaws.com/HMP/hmp_ln/imported/pdfs/OWM_October2012_Minnich.pdf
https://europepmc.org/article/med/6635913
https://europepmc.org/article/med/6635913
https://europepmc.org/article/med/6635913
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x

J. Surgical Case Reports and Images

17.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here:

DOI: 10.31579/2690-1897/137

(V.A.C.) therapy: experience and case series. Int Wound J. 2(6
suppl):1-25

S.G. Goss, J.A. Schwartz, F. Facchin, E. Avdagic, C. Gendics,
J.C. Lantis, Negative Pressure Wound Therapy With
Instillation (NPWTi) Better Reduces Post-debridement

18.

Copy rights@ Hitesh Rajendra Singhavi et.al.

Bioburden in Chronically Infected Lower Extremity Wounds
Than NPWT Alone.

18.0mar M, Gathen M, Liodakis E, et al. (2016). A
comparative study of negative pressure wound therapy with and
without instillation of saline on wound healing. J Wound Care.
25(8):475-478.

YVVVYVVYY

Submit Manuscript

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/journal-of-surgical-case-

reports-and-images

Auctores Publishing LLC — Volume 6(2)-137 www.auctoresonline.org
ISSN: 2690-1897

Page 4 of 4


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1742-481X.2009.00628.x
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
https://www.magonlinelibrary.com/doi/abs/10.12968/jowc.2016.25.8.475
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-surgical-case-reports-and-images
https://auctoresonline.org/journals/journal-of-surgical-case-reports-and-images

