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Abstract

Introduction: To compare the effectiveness of a Vacuum-Assisted Closure (VAC)
dressing to that of conventional dressing in patients with diabetic foot ulcers. In view
of this, the present study was planned to compare Vacuum Assisted Closure (VAC)
and conventional dressing methods for diabetic foot ulcers in terms of the rate of
granulation tissue formation, bacterial clearance at the end of therapy and
duration of wound healing.

Materials and methods: This was a randomized comparative study conducted
in the Department of General Surgery, Indira Gandhi Institute of Medical Sciences,
Patna, from January 21 to December 22.50 patients with lower limb diabetic ulcers
were included; these patients were randomized into two groups. Conventional
dressing was performed (n=31), and Vacuum Assisted Enclosure (VAC)
dressing was used (n=19). Patient outcomes were compared after dressing. All the
statistical analyses were performed with SPSS software, and a P-value<0.05
was used to indicate statistical significance.

Results: Compared to those in the conventional dressing group, the Vacuum Assisted
Closure (VAC) dressing group was comparable in terms of age, sex and associated
comorbidities  (p-value>0.05); took less but comparable amounts of
granulation tissue to appear (6.94 + 2.61 vs. 9.03 + 2.30, p value=0.29); took a
signi icantly shorter duration for wound culture tobe negative (11.36 + 4.47
vs. 14.83 + 3.89, p value=0.037); and took a significantly shorter duration
for wound healing (36.84 + 9.34 wvs.43.16 + 9.22, p value=0.033).

Conclusion: Vacuum-Assisted Closure (VAC) dressing was advantageous
over conventional dressing for the dressing of lower limb diabetic ulcers in
terms of the time taken for the formation of granulation tissue, the time taken
for wound culture to be negative and long-term follow-up, and the duration
of wound healing. Vacuum Assisted Closure (VAC) dressing for chronic
wounds or ulcers seems to be a promising option compared with conventional
dressing, and the short-term results are good.
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Introduction

In India, one of the first nation’s most commonly affected by
diabetes, foot ulceration is the most common complication,
affecting approximately 15% of diabetic patients [1]. Patients
with DM have up to a 25-35% lifetime risk of developing a
foot ulcer [2], which precedes amputation in up to 85% of
cases [3]. The management of diabetic foot ulcers is largely

determined by their severity (grade), vascularity, and presence
of infection [4-6]. The optimal topical therapy for diabetic
foot ulcers is not well defined. Saline moistened gauze has
been the standard method; however, it has been difficult to
maintain a moist wound environment continuously.
Subsequently, various hydrocolloid wound gels, growth
factors, enzymatic debridement compounds, hyperbaric
oxygen therapy, cultured skin substitutes, and other wound
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therapies have been advocated [7]. Negative-Pressure Wound
Therapy (NPWT) is a relatively newer technique for
managing complex wounds. It was first described by
Charikar [8] as an experimental technique for treating
subcutaneous fistulas. However, the clinical work of Argenta
and Moryk was a decade later and allowed Negative-Pressure
Wound Therapy (NPWT) to be recognized as a useful clinical
tool for managing complex and difficult wounds [9-11].
Currently, Negative-Pressure Wound Therapy (NPWT) is
well established for treating traumatic wounds, general
surgical wounds, and diabetic foot wounds. Supporting
evidence for the use of Negative-Pressure Wound Therapy
(NPWT) in the treatment of diabetic foot wounds includes
numerous prospective and multicenter randomized controlled
trials [12]. Vacuum Assisted Closure (VAC) is a noninvasive,
active wound management system that uses negative pressure
to enhance the healing process, increase local blood flow,
reduce edema and bacterial colonization and promote closure
of the wound by promoting the rapid formation of
granulation tissue [13]. Recent studies have shown that the
application of sub-atmospheric pressure to the wound site in
a controlled manner has an important role in assisting wound
healing [14]. Complex effects at the wound—dressing
interface following the application of a controlled vacuum
force have been documented. These include changes at the
microscopic, molecular and macroscopic levels; at the tissue
level, interstitial fluid flow and exudate management; edema
reduction; and effects on wound perfusion, protease profiles,
growth factor and cytokine expression and cellular activity,
all of which lead to enhanced granulation tissue formation
and improved wound healing parameters [15-17]. In view of
this, the present study was planned to compare Vacuum
Assisted Closure (VAC) and conventional dressing methods
for diabetic foot ulcers in terms of the rate of granulation
tissue formation, bacterial clearance at the end of therapy and
duration of wound healing.

Materials and Methods

The study was conducted in the Department of General
Surgery, IGIMS Patna, Bihar, India, after obtaining clearance
from the Institutional Ethics Committee (IEC). Informed
written consent was obtained from each patient. This was a
prospective single-center, randomized comparative study
comparing two methods for treating diabetic foot ulcer
dressings. The study was carried out from December 2020 to
December 2022.

Inclusion criteria

* Above 18 years of age.

¢ Informed written consent will be obtained from the
patient.

» Patients with lower limb ulcers with ulcer sizes between 5
and 15 cm.

» Patients who are able and willing to comply with the
study procedure.

Exclusion criteria

» Patients aged >70 years.

* Pregnant or nursing mothers.

* People on medications, such as corticosteroids, immuno-
suppressive agents or chemotherapy.

» Patients with underlying osteomyelitis of the bone.

» Patients not willing to participate in the study.

Sample size

A sample of 50 patients was included in the study. Eligible
patients were informed about the study by the attending
doctor at the outpatient Department of General Surgery.

The patient was seen in the Surgery Outpatient Department
(OPD). A history was taken, and a clinical examination was
performed. The patients who fulfilled the inclusion criteria
were given the consent form to sign, and after providing
consent for their participation in the study, they were
included in the participation pool. The total participating pool
was divided randomly into 2 groups.

Methods

Wounds of all the patients included in the study underwent
surgical debridement initially and during subsequent dressing
changes to remove necrotic tissue and slough. Patients in
both groups were administered insulin therapy according to
their blood sugar levels, and injectable antibiotics were
started empirically initially and then according to the culture
and sensitivity reports. Patients admitted with other
comorbidities, such as hypertension, tuberculosis, and
hypothyroidism, were treated per the consultation provided
by the respective departments of the institute; if any
intervention was needed, the patient was free to undergo the
intervention.

Group A (vacuum-assisted closure): After debridement in
the emergency operation theater, a foam-based dressing was
applied to the wounds of the patients in the study group
under aseptic conditions. The dressing was covered with an
adhesive drape to create an airtight seal. An evacuation tube
embedded in the foam was connected to a vacuum, and sub-
atmospheric (negative) pressure was applied within a range
of 80-125 mmHg on a continuous basis for 96 hours. The
tube drained the secretion into a collection canister. In this
way, a previously opened wound was converted into a
controlled, closed and moist wound. Dressings were
regularly changed every 4 days during the admission period.

Group B (conventional dressing): Patients were treated
with conventional dressings. Alternate day dressings were
applied during the admission period.

Wound tracing and photos were taken every 4 days during
the first two weeks after admission to look for granulation
tissue and compare the wound size. A swab was taken for
culture at admission and every fourth day during the first two
weeks after admission. On the 8t day, culture sensitivity,
wound size, and granulation tissue were noted. Ulcers were
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treated until the wound was closed spontaneously or
surgically or until completion of the 8-week period,
whichever occurred earlier. Patients who were discharged
from the hospital after wound closure were followed monthly
via the surgical OPD. Treatment success was defined as
wound closure within a period of 8 weeks, and failure was
defined as the inability to achieve wound closure within 8
weeks.

Statistical analysis

Categorical variables are presented as numbers and
percentages, and continuous variables are presented as the
mean + SD and median. The normality of the data was tested
by the Kolmogorov—Smirnov test. If the assumption of
normality was rejected, then a nonparametric test was used.
The statistical tests will be applied as follows. Quantitative
variables were compared between the two groups using the
unpaired t test or Mann—Whitney test (when the data sets
were not normally distributed). Qualitative variables were
compared using the Chi-square test or Fisher’s exact test. A p
value of <0.05 was considered to indicate statistical
significance. The data were entered into the MS Excel
spreadsheet, and analysis was performed using Statistical
Package for Social Sciences (SPSS) version 22.0.

Computerized randomization technique-To randomly select
between two groups, the random number generating function
RANDBETWEEN () was used, with the lower limit set to 1

and the upper limit set to 2. If 1 was generated, the
conventional dressing group was allocated, and if 2 was
generated, the Vacuum Assisted Closure (VAC) dressing
group was allocated (Figure 1).

Figure 1: Application of Vacuum-Assisted Closure (VAC)
dressing on day 1.

Results

The demographic details of the patients in our study are
provided in Tables 1-4. The overall mean age of the patients
in the conventional dressing group was 51.7097 years,
whereas that of the Vacuum Assisted Closure (VAC) group
was 52.9474 years. Thirty-eight patients were males, and 18
were females.13 Patients had hypertension associated with
type 2 diabetes, whereas only 3 patients had associated
hypothyroidism.

Table 1: Association between age in group: Type of dressing used.

Type of dressing used

Age in group Conventional dressing Vacuum-Assisted Closure (VAC) Total
<40 2 2 4
41-50 14 6 20
51-60 10 6 16
61-70 5 5 10
Total 31 19 50

Note: Chi-square value: 1.4007; p value: 0.7054
Table 2: Association between gender and type of dressing used.
Type of dressing used

Gender Conventional dressing Vacuum-Assisted Closure (VAC) Total
Female 9 3 12
Male 22 16 38
Total 31 19 50

Note: Chi-square value: 1.1326; p value: 0.2872
Odds ratio: 2.1818 (0.5084, 9.3643)
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Type of dressing used

Comorbidity Conventional dressing Vacuum-Assisted Closure (VAC) Total
T2DM 22 10 32
T2DM, HTN 7 6 13
T2DM, TB 0 2 2
T2DM, Thyroid 2 1 3
Total 31 19 50

Note: Chi-square value: 4.2766; p value: 0.2331
T2DM: Type 2 Diabetes Mellitus; HTN: Hypertension; TB: Tuberculosis

Number Mean SD Minimum Maximum Median p value
Age Conventional 31 51.7097 8.415 39 70 50 0.6205
dressing
Vacuum- 19 52.9474 8.7017 38 66 52
assisted clos
ure
In this study, 21 out of the 31 patients in the conventional The mean + SD of time taken for granulation tissue to appear
dressing group developed granulation tissue at the end of the (days) in the conventional dressing group was 9.03 + 2.30,
8th day, whereas 17 out of the 19 patients in the Vacuum which was comparable to that in the vacuum-assisted closure
Assisted Closure (VAC) dressing group had granulation group (6.94 £+ 2.61) (p value=0.292). The results are shown in
tissue at the end of the 8™ day (Figure 2). Table 5.

mTotal Cases

® Granulation Tissue on 8th Day

- Granulation Tizsue on 5th Day
P .~ Tomal cases
o T v
Conventional VAC Dressing

Dressng

Figure 2: Chart comparing the appearance of granulation
tissue on the 8th day after dressing.

Number Mean SD Minimum Maximum Median p value
Time taken Conventional 31 9.0322 2.3019 4 12 8 0.292
for dressing
granulation
tissue to Vacuum- 19 6.9473 2.6135 4 12 8
appear assisted clos
(Days) ure

In the present study, which was performed at the end of the sterile wound cultures were obtained for 10 out of the 19
8th day, sterile wound cultures were obtained for only 4 out of patients in the Vacuum Assisted Closure (VAC) dressing
the 31 patients in the conventional dressing group, whereas group (Figure 3).
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Conventional Dressing

| m Total Cases
m Cases with negative wound
Cuiture
N Cazes with poditive wound
Cuiture

VAC Dressing

mTotal cases

w CasEr with Negative wound
Culture
Cases with Positive Wiound
Culture

Figure 3: Charts comparing sterile wound culture on the
8th day after dressing.

The mean + SD of time taken for wound culture to be
negative (days) in the conventional dressing group was 14.83
+ 3.89, which was significantly greater than that in the
vacuum assisted closure group (11.37 + 4.47) (p
value=0.037). The results are shown in Table 6.

Table 6: Distribution of the mean time taken for wound culture to be negative (days): A type of dressing used.

Number Mean
Time taken Conventional 31 14.8387
for wound dressing
culture to be
negative Vacuum- 19 11.3684
(days) assisted clos

ure

Minimum Maximum Median p value
3.8909 4 20 14 0.037
4.4747 4 20 14

The mean + SD of the duration of healing in conventional
dressing was 43.17 + 9.22, which was significantly greater

than that in vacuum-assisted closure dressing (36.84 + 9.34).
(p value=0.033). The results are shown in Table 7.

Table 7: Distribution of the mean duration of healing (days): Type of used dressing.

Number Mean Minimum Maximum Median p value
Duration of Conventional 31 43.1612 9.2271 28 62 42 0.033
healing dressing
(days)
Vacuum- 19 36.8421 9.3408 18 58 40
assisted clos
ure
Discussion controls in terms of age, sex and associated comorbidities. In

The present study was a randomized comparative study of 50
known diabetic patients with lower limb ulcers (31 patients
who underwent conventional dressing and 19 patients who
underwent Vacuum Assisted Closure (VAC) dressing); we
aimed to compare the effectiveness of conventional dressing
with Vacuum Assisted Closure (VAC) in patients with lower
limb diabetic ulcers. We found that Vacuum-Assisted Closure
(VAC) dressing shortened the duration needed for
granulation tissue to appear, decreased the duration needed
for wound culture to become negative and decreased the
duration needed for healing. The study demographics of the
population showed that the cases were comparable to the

a randomized comparative trial such as ours, the similarity of
patient characteristics ensures that any difference in outcome
is purely due to intervention and not due to chance bias. In
our study, most of the patients usually presented with chronic
nonhealing lower limb ulcers due to the chronicity of the
disease (T2DM) associated with other comorbidities. Our
study consisted of 50 patients who were randomly divided
into two groups: Group A, composed of 31 patients who
underwent conventional dressing; and group B, composed of
19 patients who underwent Vacuum-Assisted Closure (VAC)
dressing. Among other studies, Lone et al. studied 56 patients
who were randomly divided into two even groups [7]. The
management of foot ulcers is largely determined by the grade
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of the ulcer, the vascularity, and the presence of infection.
Current therapeutic options for diabetic foot wulcer
management include repeated debridement, pressure
offloading, ischemia treatment, metabolic stabilization and
preventive strategies incorporated at the primary healthcare
level. Several studies have shown that, compared with
moisturized saline gauze, Negative-Pressure Wound Therapy
(NPWT) is associated with faster healing. Vacuum-Assisted
Closure (VAC) is generally well tolerated and, with few
contraindications or complications, is quickly becoming a
mainstay of current wound care. Hence, we planned to use
Negative-Pressure Wound Therapy (NPWT) for the treatment
and rapid healing of diabetic foot ulcers. Duration for
granulation tissue to appear in the present study, compared to
those in the conventional dressing group, the Vacuum-
Assisted Closure (VAC) group took less but comparable
amounts of granulation tissue to appear (9.032 + 2.30 vs. 6.94+
2.61, p value-0.29). Among previous studies, Lone et al.
reported that, compared with patients in the conventional
dressing group, patients in the Vacuum-Assisted Closure
(VAC) group took significantly less time for granulation
tissue to appear (66.7% of Vacuum-Assisted Closure (VAC)
group patients developed granulation tissue by the end of 4
weeks vs. 28% of patients in the case of conventional
dressing) (p value=0.049) [7]. In D'Souza et al., at the end of
the first dressing on day 4, approximately 70% of wounds in
the Vacuum-Assisted Closure (VAC) group had red
granulation tissue, whereas 47% of those in the conventional
dressing group had significantly more granulation tissue (p
value=0.038) [1]. In the present study, compared to those in
the conventional dressing group, the duration of wound
culture negativity was significantly shorter in the Vacuum-
Assisted Closure (VAC) group (11.37 + 4.47 vs. 14.83 + 3.89,
p value-0.037). Among previous studies, Lone et al. reported
that, compared with those in week 2, the cultures in week 1
itself were sterile after the application of Vacuum-Assisted
Closure (VAC) in normal dressing [7]. However, in D’Souza
et al., in the Vacuum-Assisted Closure (VAC) group, 72.73%
of ulcers had no bacteria at the end of therapy, whereas in the
conventional dressing group, 79.17% were rendered sterile at
the end of therapy (duration of therapy-2 weeks) [1].
Duration of Wound Healing In the present study, compared to
those in the conventional dressing group, the Vacuum-
Assisted Closure (VAC) group had a significantly shorter
duration of wound healing (36.84 = 9.34 vs. 43.17 £ 9.22, p
value=0.033). According to previous studies, in Lone et al.,
the majority of wounds in the Vacuum-Assisted Closure
(VAC) Group (81.8%) closed within 5 weeks, whereas only
60% of those in the conventional dressing group closed
within 8 weeks [7]. Five patients in the conventional dressing
group failed to heal within the duration of 8 weeks (56 days),
resulting in treatment failure, whereas only one patient in the
Vacuum-Assisted Closure (VAC) dressing group failed.
Overall, Vacuum-Assisted Closure (VAC) dressing seems to
be a novel method for dressing lower limb diabetic ulcers
with better outcomes than conventional dressing.

Conclusion

In this study, it was found that the Vacuum-Assisted Closure
(VAC) dressing was advantageous over conventional
dressing for the dressing of lower limb diabetic ulcers in
terms of the time taken for the formation of granulation
tissue, the time taken for wound culture to be negative and
long-term follow-up, and the duration of wound healing.
Vacuum-Assisted Closure (VAC) dressing for chronic
wounds or ulcers seems to be a promising option for treating
conventional dressing, and the short-term results are good.
However, compared with conventional dressings, Vacuum-
Assisted Closure (VAC) dressings can cause a monetary
burden on patients. Thus, based on our experience in this
study, the use of a Vacuum Assisted Closure (VAC) dressing
is suggested as a feasible technique for treating chronic
ulcers, especially diabetic ulcers.
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