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Abstract

Background: The utilization of Vacuum Assisted Closure (VAC) in wound
management has emerged as a contemporary approach that has demonstrated
efficacy in promoting expedited and enhanced wound healing. The fundamental
principle involves the utilization of negative pressure to extract blood and serous
fluid from the wound site, thereby expediting the healing process through the
modification of the local microcellular environment. The aim to study the
clinical evaluation on the efficacy and outcomes of utilizing vacuum-assisted
closure in the treatment of open wounds in orthopaedics. Materials and
Methods: A total of 60 patients exhibiting non-healing open wounds and
wounds exceeding an area of 50 cm2 were enrolled as participants in the present
study. This study included patients who were above the age of 18years, of both
genders (male and female), with wound sizes greater than 2cm, and with various
types of open wounds in the upper and lower limbs, regardless of the cause.
Result: The application of vacuum-assisted closure (VAC) involved the use of
intermittent suction at regular intervals of one and a half hours. A vacuum
pressure exceeding 150 mm of Hg was administered to the majority of patients,
specifically 45 individuals (75%). In 5 patients (8.33%), the pressure ranged
between 100 and 150 mm of Hg, while in 10 patients (16.67%), the pressure did
not exceed 100 mm of Hg. The wound healing outcomes were deemed excellent
in 40 patients, accounting for 66.67% of the total, while 20 patients, constituting
33.33%, exhibited good wound healing. Conclusion: Vacuum-assisted wound
closure offers several advantages, including expedited healing, straightforward
application, enhanced safety, and cost-effectiveness. The utilization of negative
pressure wound treatment may potentially result in decreased rates of graft loss.

INTRODUCTION

closure, pertains to the utilization of wound dressing
systems that consistently or periodically administer
sub-atmospheric pressure to the surface of a wound.?

Impairment in wound healing following surgical
procedures and road traffic accidents is a prevalent
issue within the realm of healthcare. Furthermore, the
social and financial burdens resulting from the failure
of wound healing and graft rejection are additional
factors to consider, alongside the associated pain and
suffering. Vacuum-assisted closure (VAC) is an
innovative technique utilized in the complex realm of
managing contaminated, acute, and chronic
wounds.™ Vacuum assisted closure, also known as
vacuum therapy, vacuum sealing, or topical negative
pressure therapy, is an advanced iteration of a
conventional surgical technique. It entails the
application of negative pressure through a vacuum to
eliminate blood or serous fluid from a wound or
surgical site. Negative pressure wound therapy
(NPWT), also known as vacuum-assisted wound

The utilization of regulated levels of negative
pressure has demonstrated the ability to expedite the
removal of dead tissue and facilitate the process of
wound healing across various wound types.[®! The
optimal negative pressure level seems to be
approximately 120 mmHg below the ambient
pressure. It is widely believed that negative pressure
aids in the elimination of interstitial fluid, thereby
reducing localized edema and promoting enhanced
blood circulation. The decrease in tissue bacterial
levels is a result of.*% Despite the considerable
expenses associated with it, the technique is
purported to exhibit a favorable cost-effectiveness
when compared to conventional treatments for the
management of challenging wounds. Fundamentally,
the technique is characterized by its simplicity. The
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procedure entails the utilization of a sterile, open-
pore foam dressing that is applied directly onto the
wound. Subsequently, an occlusive drape is
employed to effectively seal the wound, thereby
establishing a confined and regulated milieu. A
vacuum tube with fenestrations is linked to a vacuum
source, facilitating the extraction of fluid from the
wound. The fluid is then drawn through the foam
material and collected in a reservoir for subsequent
disposal. A negative pressure of 125-150 mm/Hg is
employed, leading to a reduction in the regional
interstitial pressure and facilitating the extraction of
wound effluent into the collection apparatus. The
application of vacuum pressure is initially
continuous. As the quantity of drainage diminishes,
the application of vacuum may subsequently occur
intermittently.5] The vacuum dressing is typically
replaced at an approximate interval of 48 hours.®
Furthermore, it induces a hypoxic environment on the
surface,  thereby  facilitating  angiogenesis.
Additionally, it maintains optimal wound
temperature and moisture levels, effectively
preventing desiccation.

MATERIALS AND METHODS

This prospective study was conducted at the
Department of Orthopedics. A total of 60 patients
exhibiting non-healing open wounds and wounds
exceeding an area of 50 cm2 were enrolled as
participants in the present study. This study included
patients who were above the age of 18, of both
genders (male and female), with wound sizes greater
than 2cm, and with various types of open wounds in
the upper and lower limbs, regardless of the cause.
Only patients who provided consent for topical
negative pressure were included in the study. The
study excluded patients who were under the age of
18, had Charcot disease, had ulcers caused by
chemical or radiation burns, had malignant ulcers,
had wounds with unstable fractures or loose bone
fragments, or had wounds with exposed blood vessels
or organs.

Methodology

Following a comprehensive debridement procedure
to remove necrotic slough, the attainment of
haemostasis is ensured. The measurement of the
wound surface area is then conducted by utilizing a
plastic sheet imprinted with a grid pattern, which is
placed over graph paper. The resulting imprints are
carefully  observed and the corresponding
measurements in square centimeters (cm2) are duly
recorded. Autoclaved Sponge foams with a thickness
of 8 mm are selected and subsequently shaped to
match the dimensions of the wound, with a slightly
larger size than the wound itself. A wound swab
specimen is collected in order to perform a culture
and sensitivity test. If there is clean granulation tissue
present above the wound surface, it is advisable to
apply bactigrass or Vaseline gauge. This will prevent
the dressing from sticking to the wound surface and

minimize bleeding when the dressing is removed. In
order to address the wound size, a pressure tube or
Ryle's tube with an appropriate number of
fenestrations is inserted between the two layers of
sponge. The entire wound site is enclosed using a
tegaderm/sterilized polyethylene cover/cling
drape/sterile surgical glove. The suction catheter is
connected to a vacuum-generating device and is
energized. The syringe, mucus suction device, romo-
vac, and pedal suction machine are systematically
cleared of drainage and recharged with vacuum
following each clearance at regular intervals. This
discussion pertains to the technique employed for the
administration of dressings, as well as the potential
generation of negative pressures through the
utilization of suction devices such as romo-vac,
syringe, and mucus sucker. The magnitude of
negative pressure applied during vacuum creation
can vary between 100 mm Hg and 250 mm Hg,
depending on the modality employed. The
observation of fluid exudation and its corresponding
volume is recorded. During the dressing change, the
area surrounding the wounds was examined for any
signs of cellulitis or maceration. The dressings are
periodically replaced every 48-72 hours, taking into
consideration factors such as the volume of exudate,
potential leakage resulting from fluid accumulation,
and the overall condition of the wound. During these
intervals, measurements are also recorded. If
maceration is detected, the subsequent dressing
should be applied within a period of 12-24 hours to
facilitate the restoration of the skin to its normal
condition. When utilizing a surgical glove for
dressing purposes, the creation of small fenestrations
in the distal end of the glove can effectively reduce
air leakage to a minimum and subsequently decrease
the occurrence of maceration. The wound swab and
exudates collected using the vacuum device are
periodically sent for culture analysis on a weekly
basis. The dimensions of the wound are assessed
during each dressing change, utilizing graph paper to
ensure  accurate  measurement.  Subsequent
measurements are then documented for record-
keeping purposes. The evaluation of wound progress
is conducted using a modified photographic wound
assessment tool, with the recorded scores serving as
indicators of improvement. The dressing expenses for
each patient are individually assessed and
documented as part of the comprehensive cost
analysis.[10] The VAC dressing is applied until the
granulation tissue of the wound reaches the skin
surface, at which point it is left to heal through
secondary intention or alternative methods of wound
closure, such as secondary suturing, split skin
grafting, or flap repair. The data was subjected to
statistical analysis using the SPSS-25.0 software.

RESULTS

In the present study, a total of 51 patients (85%) were
identified as males, while 9 patients (15%) were
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classified as females. Most of the patients
28(46.67%) were belong to 40-50 years of age
followed by 30-40 years 16(26.67%), below 30 years
8(13.33%), above 60 years 5(8.33%) and 3(5%).
Mean age were 47.85+5.95years. All individuals in
the study had experienced an acute traumatic event
resulting in non-healing open wounds in their upper
and lower extremities. The study revealed that road
traffic accidents were the most prevalent cause of
injury, accounting for 40 cases (66.67%) among the
patients. Machinery injuries were the second most
common cause, observed in 15 cases (25%), while
falls from height were reported in 5 cases (8.33%).
The most frequently observed co-morbid condition in
relation to non-healing infected wounds was
hypertension, which was present in 17 cases
(28.33%). Additionally, diabetes mellitus was
identified in 12 cases (20%), while heart disease was
found in a smaller proportion of patients (3.33%).

The application of vacuum-assisted closure (VAC)
involved the use of intermittent suction at regular
intervals of one and a half hours. A vacuum pressure

exceeding 150 mm of Hg was administered to the
majority of patients, specifically 45 individuals
(75%). In 5 patients (8.33%), the pressure ranged
between 100 and 150 mm of Hg, while in 10 patients
(16.67%), the pressure did not exceed 100 mm of Hg
[Table 2].

The frequency of VAC changes was determined by
the presence of infection or slough in the wound, as
well as the initial response to VAC therapy. Changes
were typically made every second or third day. On
average, patients required approximately 15 days of
Vacuum-Assisted Closure (VAC) therapy, with a
range of 3 to 15 applications. The VAC therapy
elicited a positive response from all of the wounds.
The assessment of wound healing encompassed the
examination of microbial eradication, the
development of granulation tissue, and the decrease
in wound dimensions, as indicated in [Table 3].
[Table 4] illustrates that wound healing outcomes
were deemed excellent in 40 patients, accounting for
66.67% of the total, while 20 patients, constituting
33.33%, exhibited good wound healing.

Table 1: Basic parameter of the patients

Gender Number of patients Percentage
Male 51 85
Female 9 15
Age
below 30 8 13.33
30-40 16 26.67
40-50 28 46.67
50-60 3 5
Above 60 5 8.33
Mean age 47.85+5.95
Co morbidity
Hypertension 17 28.33
Diabetic 12 20
heart problem 2 3.33
Others 2 3.33
Road traffic accident 40 66.67
Machinery injury 15 25
Fall from height 5 8.33
Table 2: VAC pressure applied
VAC pressure Number of patients Percentage
Upto 100 mm of Hg 10 16.67
100-150 mm of Hg 5 8.33
>150 mm of Hg 45 75
Table 3: VAC therapy
VAC therapy Number of patients Percentage
No. of VAC dressings used
Below 4 25 41.67
5-6 35 58.33
No. of surgical debridement
2 40 66.67
3 20 33.33
Time to complete microbial clearance (days)
below 10 days 32 53.33
10-15 days 28 46.67
Surgical procedures
Healing by secondary intention 31 51.67
Secondary suturing 29 48.33
Table 4: Wound healing
Wound healing Number of patients Percentage
Excellent 40 66.67
Good 20 33.33
Poor 0 0
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DISCUSSION

In the field of orthopaedics, the occurrence of
surgical site infection following implant surgery is a
significant  concern that poses detrimental
consequences for both the patient and the surgeon
involved.  Consequently,  this  phenomenon
contributes to an extended duration of
hospitalization, heightened reliance on antibiotics,
repeated instances of debridement, protracted
rehabilitation, and potentially leads to adverse health
outcomes and fatalities. The utilization of negative
pressure wound dressing was initially introduced as a
means of managing sub-acute and chronic wounds.
Due to the highly promising outcomes, the utilization
of this approach in wound management experienced
a rapid surge. Currently, Vacuum-Assisted Closure
(VAC) therapy is widely employed for the treatment
of various types of wounds.[*%

Vacuum-assisted closure (VAC) therapy, a treatment
modality historically employed for addressing
superficial tissue loss such as burns and pressure
injuries, has recently demonstrated expanded
applications in cases of significant soft tissue loss.
These include instances associated with orthopedic
infections, diabetic foot conditions, and tumor
surgeries. The management of injuries necessitating
prolonged antibiotic therapy and specialized
procedures like free tissue transplantation is a
complex undertaking. The utilization of Vacuum-
Assisted Closure (VAC) therapy creates a hermetic
environment that accelerates the process of
granulation, diminishes edema, mitigates bacterial
colonization, and alleviates wound-related pain.[*+4
There exists a suggestion that the achievement of
successful healing is associated with a quantity of
organisms per gram of tissue that is below the
threshold of 10. Typically, the numerical outcome
associated with wound VAC therapy tends to be
below ten. 5]

The present study involved a cohort of 60 individuals
with open wounds who received treatment using
Negative Pressure Wound Therapy (NPWT). All
participants were monitored until their discharge
from the healthcare facility. The findings in the
present study were compared to those reported by
Burkhard Lehner et al,'8 Jens Klen et al,l!"1 and
Hyun Joo Lee et al.l'® The study conducted by
Burkhard Lehnar et al,l*®! reported that the average
number of dressings used was 3.5, with a range of 1
to 8 dressings. Additionally, the average duration of
treatment with VAC dressing was found to be 16.3
days, ranging from 9 to 46 days. The mean length of
hospital stay was 39.5 days, with a range of 12 to 97
days. The size of the wound in this study exhibits a
close resemblance to the study conducted by Hyun
Joo Lee et al.[*8 In their study, the initial wound size
before the application of VAC therapy was measured
to be 56.4 cm2. However, after the completion of the
treatment, the wound size was reduced to 42.9 cm2.

The functional outcomes observed in this study were
found to be similar to those reported in the
aforementioned studies. Specifically, 64% of patients
achieved excellent results, 36% achieved good
results, and no poor results were observed in 5% of
patients. Chronic wounds are a significant
contributing factor to the hospitalization of patients
in surgical departments, leading to substantial costs
associated with their management, resource
utilization, and workforce allocation. The utilization
of Vacuum Assisted Closure (VAC) therapy has
demonstrated a significant reduction in both the
duration and financial burden associated with
hospital stays, nearly halving these metrics.
Empirical evidence demonstrates that it exhibits
superiority in terms of both healing time and wound
bed preparation duration when compared to
traditional wound care methods.!*®! The utilization of
this intervention effectively mitigates the occurrence
of frequent pain experienced by patients during the
frequent alteration of dressings for large wounds.[?"!
The VAC technique is associated with various
complications, including localized infection,
malodor, toxic shock syndrome, and anasarca.[?!l
Several contemporary therapeutic approaches have
been proposed for the treatment of chronic wounds,
encompassing ultrasound, laser therapy, electrical
stimulation, and electromagnetic waves.
Electrotherapy is a therapeutic approach that involves
the electrical stimulation of wound cells using
electrodes or pulsed magnetic fields in order to
promote healing. However, it has been observed that
electromagnetic waves do not effectively reduce
wound size, and the treatment cost associated with
this method is high. Additionally, there is insufficient
evidence to support the use of low level laser therapy
for wound healing. Consequently, vacuum-assisted
closure (VAC) therapy has emerged as the most cost-
effective and efficient treatment option for non-
healing wounds that do not respond to conventional
wound care methods.??

CONCLUSION

Vacuum-assisted wound closure offers several
advantages, including expedited healing,
straightforward application, enhanced safety, and
cost-effectiveness. The utilization of negative
pressure wound treatment may potentially result in
decreased rates of graft loss. The implementation of
frequent changes in VAC (vacuum-assisted closure)
and the adoption of a brief treatment regimen have
been found to positively influence patient
compliance.

REFERENCES

1. Jain RK, Danish M, Mahajan P, Sheikh T, Rege A. Outcome
analysis of vacuum assisted closure therapy in patients with
open wounds. Int J Res Orthop 2017;3:1132-5.

2. Vardhan N V and Naidu Y G R Role of vacuum assisted
closure in the management of infected wound in orthopaedics.

556

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



10.

11.

12.

International Journal of Orthopaedics Sciences 2021; 7(4): 06-
08

Moues CM, Vos MC, Bemd GJ Van Den et al. Bacterial load
in relation to vacuum assisted closure wound therapy: a
prospective randomised trail. Wound Repair Regen 2004;
12:11-17.

Lazarus GS, Cooper DM, Knighton DR et al. Definitions and
guidelines for assessment of wounds and evaluation of
healing. Arch dermatol 1994;130(4):489-93.

Jerome D. Advances in negative pressure wound therapy: the
VAC instill. J Wound Ostomy Continence Nurs
2007;34(2):191-94.

Orgill DP, Bayer LR. Update on negative pressure wound
therapy. Plastreconstr surg 2011;127(1):105S-115S.

Weed T, Ratliff C, Drake DB. Quantifying bacterial bio
burden during negative pressure wound therapy: does the
wound VAC enhance bacterial clearance? Ann Plast Surg
2004,52:276-9. Discussion 279-80.

Ranjeet N, Dy AU Jr. Modified negative pressure wound
therapy (modified NPWT): An experience of 128 cases. Nepal
Journal of medical Sciences 2012;1(2):108-14.

Leong M, Phillips LG. Wound Healing. Townsend CM,
Beauchamp RD, Evers BM, Mattox KL. Sabiston Textbook of
Surgery. 19th ed. Philadelpia; Elsevier 2012:151-77
Thompson N, Gordey L, Bowles H, Parslow N, Houghton P.
Reliability and validity of the revised photographic wound
assessment tool on digital images taken of various types of
chronic wounds. Adv Skin Wound Care. 2013;26:360-73.
Saxena V, Hwang CW, Huang S, Eichbaum Q. Vacuum
assisted closure:microdeformations of wounds and cell
proliferation. Plast Reconstr Surg. 2004;114:1086-96.
Bickels J, Kollender Y, Wittig JC, Cohen N, Meller A.
Vacuum-assisted wound closure after resection of
musculoskeletal ~ tumors. Clin  Orthop Relat Res.
2005;441:346-50.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Armstrong DG, Lavery LA. Negative pressure wound therapy
after partial diabetic foot amputation: a multicentre,
randomised controlled trial. Lancet. 2005;366:1704-10.
Lavery LA, Boulton AJ, Niezgoda JA, Sheehan P. A
Comparison of diabetic foot ulcer outcomes using negative
pressure wound therapy versus historical standard of care. Int
Wound J. 2007;4:103-13.

Kanakaris NK, Thanasas C, Keramaris N, Kontakis G. The
efficacy of negative pressure wound therapy in the
management of lower extremity trauma. Injury. 2007;38(5):9-
18.

BurkhardLehnar, Wim Fleischmann, Rolf Becker, Gerrolt N.
Jukema. First experiences with negative pressure wound
therapy and instillation in the treatment of infected
orthopaedic implants: a clinical observational study.
International Orthopaedics (SCIOT) 2011;35:1415-1420.
Hyun-Joo Lee, Joon Woo Kim1, Chang Wug Oh, Woo Kie
Min, Oog Jin Shon, Jong Keon Oh et al. Negative pressure
wound therapy for soft tissue injuries around the foot and
ankle. Journal of Orthopaedic Surgery and Research
2009;4:14.

Jens Kelm, Eduard Schmitt, Konstantinos Anagnostakos:
Vacuum-assisted closure in the treatment of early hip joint
infections. Int J Med Sci 2009;6(5):241-246.

Smith N. The benefits of VAC therapy in the management of
pressure ulcers. Br J Nurs. 2004;13:1359-65.

Kaplan M, Daly D, Stemkowski S. Early intervention of
negative pressure wound therapy using Vacuum-Assisted
Closure in trauma patients: impact on hospital length of stay
and cost. Adv Skin Wound Care. 2009;22:128-32.

Friedman T, Westreich M, Shalom A. Vacuum assisted
closure treatment complicated by anasarca. Ann Plast Surg.
2005;55(4):420-1.

Price RD, Nagarajan M, Srinivasan JR. Local anaesthetic for
change of vacuum assisted closure dressing. Plast Reconstr
Surg .2006;117(7):2537-8.

557

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



