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ABSTRACT

Objectives: To determine the efficacy of open versus closed negative pressure wound therapy for contaminated and dirty sur-
gical wounds in terms of time duration to full wound healing.

Study Design: Quasi-experimental study.

Place and Duration of Study: Department of General Surgery, Combined Military Hospital, Quetta Pakistan, from Oct 2021 to
Apr 2022.

Methodology: A total of 96 patients with surgical wounds requiring repair were included for study. All patients underwent
their respective surgery followed by grouping. Patients in Group-A received closed negative pressure wound therapy while
those in Group-B received open negative pressure wound therapy. All patients were followed up till complete healing of the
wound or till the occurrence of complications.

Results: Our study sample had a mean age of 44.16£12.66 years, with a slight female preponderance of 51(53.1%) participants.
The mean total healing time for closed negative pressure wound therapy was 17.35+6.95 days, while it was 42.00£16.21 days
with open negative pressure wound therapy, (p<0.001). There was no difference between the two groups with regards to the
total complication rate, or the occurrence of individual complications, (p>0.05).

Conclusion: Closed negative pressure wound therapy results in faster wound healing, with a similar complication rate as open

negative pressure wound therapy.
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INTRODUCTION

Surgical site infections (SSIs) represent one of the
most common complications of surgery, with
a pooled, cumulative incidence of 11% for all types of
procedures.! However, the actual incidence is highly
dependent on the classification of the surgical wound,
which is based on its contamination grade at the time
of the procedure: surgical incisions are classified as
clean, clean contaminated, contaminated or dirty with
a progressively increasing rate of incidence of SSI from
clean to dirty wounds.? In fact, the incidence of SSI
increases progressively as contamination increases
with an incidence of 1% to 11% in clean wounds to
10% to 17%, and over 27% in contaminated and dirty
wounds, respectively.® SSI are one of the most
common causes of readmission, post procedure, which
occurs in approximately 1.45% to 6.34% of all
procedures.* In addition, and are associated with
significant morbidity such as dehiscence (12.4%),
septic complications (15.5%) and re-surgery (43.4%) as
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well as financial costs and mortality.5¢

Many authors advocate leaving the contaminated
or dirty wound open to allow healing by secondary or
tertiary intention, to allow for the infection to clear,
however, these surgical wounds are a major handicap
for the patient, and there is always the chance for the
introduction of further infection.” Such wounds
require a daily change of dressing, with or without
packing with wet/medicated or dry gauze, requiring
long-term monitoring.® Another alternative is the use
of Open Negative Pressure Wound Therapy (open-
NPWT), where a seal is created over an open wound
and a vacuum created over it to draw out secretions,
contaminated material and pus, which is associated
with faster healing, however special expertise is
required to change this dressing a few times a week.’
Closed Negative Pressure Wound Therapy (closed-
NPWT) involves closing the wound followed by the
use of an external vacuum device to create negative
pressure, which is purported to be associated with
similar benefits as open-NPWT, without the
requirement for closure of the wound at a later date, as
well as simpler application to wounds, however,
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experience with this method, especially with truncal
wounds, is limited.10

This study was conducted with the aim of
comparing open-NPWT to closed-NPWT, in an effort
to determine which one was superior in terms of time
to wound healing, particularly in contaminated or
dirty wounds. In addition, we also studied the
complications, if any, associated with each treatment
modality.

METHODOLOGY

The quasi-experimental study was carried out
from October 2021 to April 2022 at the Department of
General Surgery, Combined Military Hospital, Quetta
Pakistan, after IERB approval. The WHO sample size
calculator was used to calculate the sample size with
anticipated population mean of 14.52+1.011.

Inclusion Criteria: Patients with either gender, aged
18 years or more, with clean contaminated (Class III)
or dirty (Class IV) wounds were included.

Exclusion Criteria: Patients with clean (Class-I) and
clean/contaminated wounds (Class-1I), those who
were undergoing repeat procedures at the same
surgical site, or had a secondary site of infection
elsewhere in the body were excluded.

Final inclusion in the study was determined by
per-operative examination of the surgical site
to classify the wound in order to separate patients into
groups. All patients were included after informed
consent being sought prior to data collection.

All patients were operated on by a consultant
surgical specialist with a minimum of five-years post-
fellowship experience. Patients were divided into one
of two groups based on the lottery method: Group-A
underwent closed-NPWT, while Group-B received
open-NPWT in the post-operative period (Figure). All
patients received injection Ceftriaxone 1 g twice daily
for three days after surgery. Drains were placed
depending on the type of surgery, and the discretion
of the surgeon.

In Group-A, patients received a closed-NPWT
dressing at the time of closure of the wound, which
remained in place for one week, after which it was
removed and the wound left open. In Group-B
patients received open-NPWT with a black sponge
dressing attached to a negative pressure pump. This
dressing was changed on alternate days and continued
till complete wound healing occurred. Surgical site
infection was defined as the development of redness,
tenderness/swelling and purulent discharge from the

wound. These were treated with antibiotics and/or
debridement when required. All patients were
followed-up till complete healing of wound occurred,
or there were complications such as death.

Data was analyzed using Statistical Package for
the Social Sciences version 26.0. Mean and SD was
calculated for quantitative variables. Qualitative
variables were recorded in terms of frequency
and percentage. Chi-square test was applied to all
qualitative variables, while the independent sample t-
test was applied to quantitative variables for
comparison between the groups. The p value of <0.05
was considered significant.

l Enrollment l

Asseszed

for eligibility (n=100)

[ Allocation ]

[ Follow-Up J

Excluded from analysiz (n=0)

Figure: Patient Flow Diagram (n=96)

RESULTS

Our study sample was composed of 96 patients,
divided into two equal groups containing 48 patients
each, with a mean age of 44.16+12.66 years. Females
accounted for a slight majority: 51(53.1%). Our
patients had a mean body mass index of 28.30+2.52
kg/m2. A total of 63(65.6%) had some form of co-
morbidity. A total of 50(52.1%) patients had wounds
on the lower limbs, 27(28.1%) had wounds of the
abdomen, 10(10.4%) had wounds on the upper limbs,
while 6(6.2%) and 3(3.1%) had thoracic and head/neck
wounds, respectively. A total of 65(67.7%) patients
were classified as having contaminated wounds, while
the remaining 31(32.3%) had dirty wounds. The pre-
intervention characteristics of the patients are
displayed in Table-I.

The mean total healing time for both groups was
29.68+17.53 days, the difference between both groups
was statistically significant, (p<0.001). The total
complication rate of the sample was 16.7%(n=16),
while SSIs, seroma formation and wound dehiscence
occurred in 7(7.3%), 4(4.2%) and 5(5.2%) cases,
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respectively, and there was no difference between the
groups with regards to individual or total
complications, (p>0.05). The post-surgical outcomes
are shown in Table-IL

Table-I: Pre-Intervention Patient Characteristics (n=96)

Group-A Group-B

Characteristics (n=48) (n=48)
n(%) n(%)
Age (years) Mean+SD 42.69+12.86 45.63+12.41
Male 19(39.6%) 26(54.2%)
Female 29(60.4%) 22 (45.8%)
Body Mass Index (kg/m2)
Mo som & 28.612.42 27.99+2.59
Comorbid Diseases
Diabetes Mellitus 12(25.0%) 20(41.7%)
Hypertension 18(37.5%) 21(43.8%)
Ischaemic Heart Disease 6(12.5%) 2(4.2%)
Smoking 5(10.4%) 6(12.5%)
Wound Area
Lower Limbs 19(39.6%) 31(64.6%)
Abdomen 19(39.6%) 8(16.7%)
Upper Limbs 5(10.4%) 5(10.4%)
Thorax 3(6.3%) 3(6.3%)
Head and Neck 2(4.1%) 1(2.0%)
Wound Type
Contaminated 34(%) 31(%)
Dirty 14(%) 17(%)
Table-II: Post-Surgical Outcomes (n=96)
Group-A Group-B

Outcomes e 48)11)1 ) | (n=48) 11)1 %) p-value
Total Time to Healin,
(days) MeanSD & 17.35£6.95 | 42.00+16.21 <0.001
Total Complications 9(18.8%) 7(14.6%) 0.584
Surgical Site Infection 2(4.1%) 5(10.4%) 0.239
Seroma Formation 3(6.3%) 1(2.0%) 0.307
Wound Dehiscence 4(8.3%) 1(2.0%) 0.168

DISCUSSION

Since the induction of NPWT, almost twenty
years ago, the management of class III and IV wounds
has improved considerably.’? Lozano et al. in their
Randomized Controlled Trial evaluating the role of
different methods of managing contaminated and
dirty wounds, compared healing by primary intention
with both tertiary intention and vacuum assisted
secondary intention healing and demonstrated that the
frequency of SSIs with the former two was 37.0% and
17.0%, will it was 0% with vacuum therapy, indicating
the superiority of open-NPWT in this regard.!3
Moreover, open-NPWT was associated with a
shortened time to full healing versus open healing
without vacuum therapy, as demonstrated by Thomas
et al.* In addition, patients treated with open-NPWT
required fewer visits for change of dressing (about two

to three times a week) when compared to non-vacuum
assisted healing by secondary intention, where the
dressing was required to be changed every day.’®
However, the application of open-NPWT and
performing change-of-dressing requires a degree of
technical expertise, which is not always readily
available, and the equipment charges were also
substantial.’® Furthermore, open-NPWT is still based
on healing by secondary intention which is a time-
consuming process, which causes significant patient
discomfort.1417

Our study aimed to compare closed-NPWT with
the open variant to determine whether this method
retained the benefits of open-NPWT such as minimal
side-effects with good wound healing, while also
reducing the time to full healing. We studied a wide
variety of different wounds, located all over the body,
choosing patients who had contaminated or dirty
wounds. There were no statistically significant
differences between patient characteristics at baseline
between the two groups. Our study showed that the
time to full healing was significantly shorter with
closed-NPWT versus open-NPWT: 17.35+6.95 days
versus 42.00£16.21, (p<0.001). Frazee et al. noted a
similar benefit closed-NPWT, with mean time of
14.52+13.33 days, while the open-NPWT Group had a
mean time to full healing of 57.38+76.30 days.!! To our
knowledge, no other study has conducted a
comparison of these treatment modalities with regards
to time to healing. O’Leary et al. compared closed-
NPWT to conventional therapy in abdominal wounds
and found that the length of hospital stay was
significantly reduced with closed-NPWT: with a
median of 6.1 days versus 14.7 days with conventional
therapy, (p=0.019).18

Our study showed that the frequencies of
complications, specifically SSIs, wound dehiscence
and seroma formation were similar in closed versus
open NPWT. This was similar to Frazee et al. who also
noted no difference between the two groups.!!
O'Leary et al. noted that closed-NPWT resulted in
significant reduction in SSIs, which occurred in 8.3%
patients, versus 32.0% with conventional sterile
dressing therapy, (p=0.043).1¥ An international study
also noted that there was a reduction in the incidence
of SSIs with closed-NPWT as compared to
conventional sterile dressing therapy, and noted that
the rate of readmission in these patients was also
reduced, which was also the conclusion in one meta-
analysis.’»? Ingargiola et al. in their systematic review
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comparing open-NPWT with sterile dressings noted
that while SSI was significantly decreased with
negative pressure dressing, the benefit in terms of
wound dehiscence were less convincing, while
benefits in-terms of seroma or haematoma formation
were unclear.?! Conversely, Shen et al. noted that there
were no significant statistical difference between
closed-NPWT and standard sterile dressing in-terms
of the occurrence of superficial or deep SSIs.22 We
believe the difference in results is attributable to the
duration for which NPWT was applied, as well as the
manner in which wounds were classified as high-risk
for infection, with some studies classifying wounds as
high-risk based on the presence of comorbidities and
immunodeficiency states.

We found that closed-NPWT is a useful dressing
modality which is associated with a significantly
shortened time to wound healing, with comparable
outcomes to open-NPWT, and may be a useful
alternative to open-NPWT and standard sterile
dressings for large, open wounds in terms of
complications as well. Further multi-center research,
with larger sample sizes, is required before the results
of this study can be generalized to the rest of the
population.

LIMITATIONS OF STUDY

Our study incorporated wounds on all parts of the
body, and while this gave us diversity in our sample, we
were unable to establish whether the location of the wound
had an effect on our outcomes. Moreover, it was difficult to
perform any sort of blinding in our study as the patients’
treatment group could be clearly discerned on visual
examination.

CONCLUSION
Closed negative pressure wound therapy results in

faster wound healing, with a similar complication rate as
open negative pressure wound therapy.
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