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Introduction Negative Pressure Wound Therapy (NPWT) stimulates the wound
healing process, being an ally to plastic surgeons in the reconstruction of traumatic
injuries. However, its impact on the time and complexity of reconstruction has only
been vaguely investigated.

Objectives To evaluate the success and associated factors in short-term reconstruc
tion of traumatic wounds using NPWT, when compared with traditional gauze
dressing.

Materials and Methods Prospective cohort of adult patients with traumatic wounds
in the upper and lower extremities, treated by plastic surgery, from December 2022 to
February 2024. Patients were followed-up in the traditional and NPWT groups, from the
first assessment until 15 days after reconstructive surgery. The variables were
evaluated through statistical tests, and logistic regression was performed.

Results There were 18 patients and 32 wounds included in the traditional group,
while 15 patients and 18 wounds were included in the NPWT group. There was a higher
wound resolution in the NPWT group (83.3 vs. 50%, p=0.02). This treatment also
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reduced complexity of reconstruction in 61.1% of the cases (p =0.005) and increased
the chance of successful healing by six times (OR=5.993). Delayed time to first
reconstructive surgery reduced short-term healing success by 6.5% per day (OR
=0.935). No differences were observed in the number of debridement performed,
type of reconstruction, and complications/infections.

Conclusion Delaying surgery negatively influences the success of traumatic wound
reconstruction. The use of NPWT increases the short-term success in closing these
injuries and reduces the complexity of reconstruction.

Introducao A terapia de pressdo negativa (TPN) em feridas estimula o processo de
cicatrizacdo, sendo uma aliada de cirurgides plasticos na reconstrucao de lesoes
traumaticas. Ainda assim, seu impacto no tempo e na complexidade da reconstrucao
tem sido pouco investigado.

Objetivos Este estudo avaliou o sucesso e os fatores associados na reconstrucao em
curto prazo de feridas traumaticas utilizando TPN em comparacdo aos curativos
tradicionais com gaze.

Materiais e Métodos Este é um estudo de coorte prospectiva de pacientes adultos
com feridas traumaticas nos membros superiores e inferiores tratados pela cirurgia
plastica de dezembro de 2022 a fevereiro de 2024. Os pacientes submetidos ao
tratamento tradicional ou a TPN foram acompanhados desde a primeira avaliacdo até
15 dias ap6s a cirurgia reconstrutiva. As variaveis foram avaliadas por meio de testes
estatisticos, incluindo regressdo logistica.

Resultados O grupo tradicional incluiu 18 pacientes e 32 feridas, enquanto o grupo
TPNincluiu 15 pacientes e 18 feridas. A resolucao da ferida foi maior no grupoTPN (83,3
vs. 50%, p=0,02). Esse tratamento também reduziu a complexidade da reconstrucao
em 61,1% dos casos (p=0,005) e aumentou a probabilidade de cicatrizacdo bem-
sucedida em seis vezes (razdo de chance [OR]=5,993). O atraso no primeiro
procedimento reconstrutivo reduziu o sucesso da cicatrizacdo em curto prazo em
6,5% por dia (OR =0,935). Nao foram observadas diferencas no nimero de desbrida-
mentos realizados, tipo de reconstrucao e complicacoes/infeccoes.

Conclusao A realizacdo tardia da cirurgia influencia negativamente o sucesso da
reconstrucao de feridas traumaticas. O uso de TPN aumenta o sucesso do fechamento
dessas lesdes em curto prazo e reduz a complexidade da reconstrucao.

with serial debridement and dressing guidance to the final

Trauma is the leading cause of death in people under 45-
years-old worldwide. In Brazil, the most common affected
area for traumatic injuries is the lower limb, leading to
surgical intervention in up to 89.5% of the cases. This
epidemiology is a reason for concern, since the morbidity
generated by these events has a direct impact on the eco-
nomically active population.1‘4

In cases of severe trauma, 85% of patients develop com-
bined limb fractures, most of which are associated with
extensive soft tissue injuries. Along with the systemic in-
flammatory response generated by the trauma, this
increases the risk of complications, thus requiring a multi-
disciplinary approach.“4

Plastic surgery plays a fundamental role in the recon-
structive process of traumatic limb wounds, from initial care
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stage of reconstruction, with the use of grafts and/or flaps.
This action aims to treat wounds to rehabilitate the patient,
allowing them to return to their activities, and often avoiding
drastic measures, such as amputation.13'5’6

Negative pressure wound therapy (NPWT), or vacuum ther-
apy, popularly known as vacuum dressing, is a type of “bridge”
treatment, that is, a temporary measure used to optimize the
wound bed, preparing it for the final reconstructive stage.
Although it has been known and used for almost 30 years,’
there are not many conclusive studies that evaluate the outcome
of its use in traumatic limb injuries, when compared with
traditional dressings, mainly in terms of wound closure and
stepping down in the reconstructive ladder.2~1°

Therefore, the objective of this study was to compare the
use of NPWT and common dressings in traumatic limb
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Fig. 1 (A) Before debridement and negative pressure wound therapy application. (B) Immediate negative pressure wound therapy placement.

wounds, regarding the impact on the planning and choice of
definitive reconstructive treatment, and on the success of
reconstruction, thus determining the applicability of this
therapy.

Materials and Methods

This study is a prospective cohort study that uses conve-
nience sampling, conducted at the Plastic Surgery Depart-
ment of the Hospital do Trabalhador in Curitiba, PR, Brazil. It
was approved by the hospital’s ethics committee (CAAE:
64896022.3.0000.5225), following the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines."

The Hospital doTrabalhador is a level 1 trauma center. The
hospital keeps a Plastic Surgery team specialized in complex
wounds, with 60% of the physicians qualified in
microsurgery.

The inclusion criteria were patients aged 18 years or
older; male and female genders; who agreed to participation
and signed the Informed Consent Form (authorization to
collect data and photographs); with presence of traumatic
injuries in the lower and upper limbs, with loss of soft tissue
or exposure of noble tissues, whose primary closure would
not be possible or was contraindicated, and with the first
evaluation by Plastic Surgery performed between December,
2022 and February, 2024. The exclusion criteria were injuries
whose etiology was burns (thermal, electrical, or chemical)
or the action of venomous animals; those with vasculitis;
and those lost to follow-up.

The patients accepted and in agreement with the study
were followed up in two groups, with one using traditional
dressing and the other vacuum dressing. The choice of
dressing type was made by plastic surgeons from the service,
not involved in the study. At the time of the first evaluation,
images of the wounds and patients’ clinical records were
independently evaluated by two of our plastic surgeons. Each
one established the reconstructive technique that they
would use (initial plan), with complete agreement between
them, before the decision to traditional dressing or NPWT.

The date of traditional dressing use (dry gauze, cotton
wool, and bandages) and the time of use until the first

reconstructive surgery were assessed for patients in the
traditional group. In the NPWT group, information was
collected regarding the time from trauma to placement of
vacuum dressings in a sterile environment, number of
changes, and time of use until the first reconstructive
surgery. According to the service protocol, vacuum dressings
are kept in continuous mode, 24 hours a day, at a pressure of
125 mmHg, with a polyurethane sponge (=Fig. 1). Recon-
structive surgery was defined as those that were not purely
debridement or placement of a vacuum dressing and which
involved the use of a reconstructive ladder technique.12

In both groups, the following data were collected from
medical records: sex; age; comorbidities; etiology of the
injury; region of the injury; initial size of the wound, with the
width measured from medial to lateral and length from
cranial to caudal; depth of the maximum layer of the lesion;
other associated lesions; date of first hospital admission in
the emergency room; date of plastic surgery consultation
request; date of first plastic surgery evaluation; date of first
reconstructive surgery; number of debridement; time be-
tween admission and plastic surgery consultation request;
time between first admission and first reconstructive sur-
gery; reconstructive option performed; whether full wound
closure was achieved within 15 days of the first reconstruc-
tive surgery (short-term success); total number of recon-
structive surgical procedures, including the first, within
15 days; and local wound complications (infection, hemato-
ma, partial flap dehiscence, total flap loss, total graft loss, and
thromboembolic events).

For this research, data were collected up to 15 days after
the first reconstructive surgery, or 30 days after consultation,
whichever was greater. After this period, patients continued
to receive care from plastic surgery and other specialties, if
necessary, but without new data collection by the
researchers.

Data were collected and stored in a Microsoft Excel
(Microsoft Corp.) spreadsheet. Inferential analysis for quan-
titative variables was tested for normality using the Kolmo-
gorov-Smirnov test, followed by Student’s t or Mann-
Whitney’s U tests, depending on normality, expressed as
mean + standard deviation (SD) or median and interquartile
range (IQR). The qualitative variables were assessed using the
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Chi-Squared or Fisher exact tests, as indicated, expressed as
absolute numbers and percentages.

To assess the difference between the reconstructive type
performed, independently decided by plastic surgery physi-
cians, and the initial technique evaluated, the techniques
were ordinally organized in whole numbers (1 = closure by
2" intention; 2 = primary closure; 3 = closure by 3™ inten-
tion; 4 = skin graft; 5 = local flap; 6 =regional flap; 7 = tissue
expander; 8 = microsurgical ﬂap)12 and compared in pairs
(technique performed and initial plan, respectively) within
groups by the Wilcoxon signed rank test.

A stepwise backward binary logistic regression model was
created by likelihood ratio, and odds ratio (OR) values with
95% confidence intervals (95% CI) were estimated to evaluate
factors associated with short-term closure, being significant
if x2(5)=42.539, p <0.001, R? Nagelkerke =0.516. All tests
were two-tailed and p-values < 0.05 were considered signif-
icant. Data analysis was performed with the IBM SPSS
Statistics (IBM Corp.) software, version 29.0.

Results

Of the 88 patients who underwent upper and lower limb
reconstruction for complex wounds by the plastic surgery
team during the period described above, 34 patients were
included in the study. As one patient was lost to follow-up,
the final sample consisted of 33 patients and 50 wounds
analyzed (=Fig. 2).

The groups were similar in terms of the number of men
and women, age, presence of comorbidities, number of
wounds, and size of wounds (=Table 1). In contrast, the
NPWT group had a higher proportion of wounds reaching the
bone layer, while the traditional group had a higher rate
reaching the subcutaneous layer. The time intervals were all
similar, showing that the use of NPWT did not delay recon-
struction (=Table 1). Orthopedic injuries were present in
58% of the wounds. The etiologies of the injuries were not
different between the groups (p =0.127; ~Fig. 3).

Excluded (n=54)
Non-Traumatic etiology (n=39)
Under 18 years old (n=7)
Refused to participate (n=6)
Burn injury (n=2)
Contraindication to vacuum
therapy (n = 0)

Patients for limb reconstruction by
Plastic Surgery (n=88)

2z
2
2
]

Patients for trauma injury
reconstruction (n=34)

Followed in vacuum therapy (n=15) Followed in traditional dressing (n=19)

Follow Up

Lost to follow-up (n=1*)
*In traditional dressing group
Withdrawal of consent (n=0)

Wounds analysed (n=18)
Patients analyzed (n=15)

Wounds analyzed (n=32)
Patients analyzed (n=18)

Anallysis

Fig. 2 Flowchart for identification and inclusion of patients in the
study.
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Regarding outcome, the wounds in the NPWT group
achieved short-term full wound closure (after 15 days of
the first reconstructive surgery) in a greater proportion than
the wounds in the traditional dressing group (83.3 vs. 50%,
p=0.02). There was no difference in the proportions be-
tween complications, number of debridement, or number of
surgical procedures required to complete the reconstruction
(=Table 2).

From the surgical procedures performed, in the tradition-
al group the split thickness skin graft (STSG) was chosen in
62.5% of the wounds, followed by the regional flap in 28.1% of
the cases. In the NPWT group, STSG was chosen in 61.1% of
the wounds, followed by 33.3% with a regional flap
(=Table 3). However, there was a greater reduction in
complexity in the reconstructive ladder in the NPWT group
(p=0.005), and greater maintenance in the traditional
group, but without significant difference (p=0.107), as
shown in =Table 4.

A binary logistic regression model was performed to
assess factors associated with successful reconstruction,
including wound depth, dressing allocated, and time from
admission to reconstructive surgery. The model had an
accuracy of 82%. The use of NPWT, compared with the
traditional dressing, increased the chance of successful
short-term healing by nearly six times (OR =5.993; 95% ClI:
1.058-33.962). Furthermore, each additional day of the time
between the first day of hospitalization and the first recon-
structive surgery reduced successful short-term healing by
6.5% (OR=0.935, 95% CI: 0.889-0.985). Finally, wounds
affecting the bone and subcutaneous layer, in comparison
to lesions affecting the muscular layer, had a higher success
rate in short-term healing (OR=25.921, p=0.011; and OR
=19.223, p=0.037; respectively), as shown in =Table 5.

Discussion

Traumatic wounds include a group of acute wounds, usually
extensive, associated or not with fractures. As a tool that
stimulates the wound healing process, NPWT can be very
useful in cases of trauma with loss of substance. This therapy
works through the direct effect of macro and micromechan-
ical deformations in all layers of the injury.

Macrodeformations are caused by the negative pressure
itself on the edges of the wound, creating centripetal forces
that help with the contraction and reduction of the wounds’
dimensions. Microdeformations, also on the edges of the
wound, are the vacuum forces acting on the cytoskeleton,
promoting cell division and migration, release of growth
factors (with direct influence on angiogenesis and formation
of granulation tissue), and reduction of inflammatory cells
and markers. The drainage of exudate provided by the
equipment reduces edema, toxic substrates, and bacterial
108(:1.7’8’14_17

These beneficial effects accelerate the wound healing
process, enabling less complex reconstruction in many cases,
possibly leading to a higher success rate in the NPWT group
of the study in short-term closure (15 days), with 62% of all
wounds having healed by the end of this period. In studies
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Table 1 Patients’ characteristics (n=33) and injuries (n=>50) per group
Patients’ characteristics Group p-value
n (%)
Traditional Vacuum
Sex 1.000°
Masculine 13 (72.3) 10 (66.7)
Feminine 5(27.7) 5(33.3)
Comorbidity 11 (61.2) 6 (40) 0.227°
Smoking 7 (38.8) 2(13.3) 0.134°
Diabetes mellitus 2(11.1) 2(13.3) 1.000°
Corticoid use 1(5.6) 1(6.7) 1.000°
Age, years (mean + SD) 45.33+4.53 43.73+5.45 0.823¢
Number of wounds (mean 4 SD) 1.72+0.27 1.27 £0.11 0.4219
Width, cm 6.62 (5-11.5) 8.81 (4.27-12.86) 0.739¢
median (IQR)
Length, cm 7.15 (4.0316.07) 9.6 (5.5-13.44) 0.467¢
median (IQR)
Pre-operative infection? 21 (65.6) 14 (77.8) 0.368°
Injury depth 0.033%
Dermis 1(3.1) 0
Subcutaneous 7 (21.9) 0
Muscular 16 (50) 8 (44.4)
Bone 8 (25) 10 (55.6)
Interval, days?
Median (IQR)
Admission—Consultation request 4 (0-7.25) 9.5 (0-17.5) 0.303
Consultation request—PS evaluation 1.5 (0.75-2) 1(0-2.75) 0.487
PS evaluation—1°" reconstructive surgery 10 (7-20.5) 17 (14-21) 0.153
Dressing—1°" reconstructive surgery 13 (6.75-22) 9 (7-14) 0.305
Admission—1°* reconstructive surgery 22 (13.75-33.75) 27.5 (18.25-37.25) 0.210

Abbreviations: IQR, interquartile range; PS, plastic surgery; SD, standard deviation.
Notes: ?Fisher’s exact. °Chi-squared. Student’s t. 9Mann-Whitney U. *Confirmed by bacterial culture of the wound. *Significant value.

involving other types of complex wounds, the use of NPWT

18

approximately 12 to 72hours.>** Early coverage of open

has been shown to be effective in healing pressure ulcers,
as well as healing diabetic foot ulcers and reducing the length
of hospital stay.19 In our previous experience, this dressing
also boosted a high granulation tissue in wound dehiscence
and Fournier gangrene.?® However, these comparisons be-
tween NPWT and traditional dressings, especially in trau-
matic wounds, have been rarely evaluated in studies of
vacuum therapy.8-10-21

A factor that directly impacts on the evolution and
outcome of wounds is the time between the patient’s arrival
at the emergency room and the request of plastic surgery’s
consultation. For our 33 patients, the average time between
admission and the first evaluation by the team was 9 days,
but other studies have shown a range from 7 to 39 days.>?%:23

Unfortunately, this long interval goes against the consen-
sus in the literature, which shows that wounds with signifi-
cant soft tissue involvement should be addressed within

wounds reduces hydroelectrolytic disturbances, as well as
basal energy expenditure, the need for dressing changes,
costs, anesthetic risk, length of hospital stay, and functional
sequelae.5 However, even after this critical period, it is still
possible to obtain satisfactory results with microsurgical
ﬂaps.23

Another relevant interval was between the day of hospital
admission and the final reconstructive surgery, since our
study demonstrated that each additional day of hospitaliza-
tion until reconstruction reduced short-term healing success
by 6.5%.

In other similar studies, the average of this time interval
can reach up to 48.15 days.? In our study, we obtained an
average of 1 month for this interval. This is probably related
to both the delay in requesting a plastic surgery team for the
first evaluation (average of 9 days) and the dressing time
before reconstructive surgery (average of 16 days), either to
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100% M Direct Trauma
Fall from a Vehicle
Fall from Height

B Same Level Fall

B Dog Bite

[ Crush Injury

[l Vehicle Collision

B Run-over

I Gunshot Wound

75% +

Stab Wound

Surgical
Amputation

50% —+

25% T

3.13%
3.13%

Vacuum

Traditional
Fig. 3 Distribution of trauma etiologies, per group.

delimit the area of necrosis of the wound, or due to changes
of the vacuum dressing every 48 to 72 hours.®'# One pro-
posal to counterbalance these factors would be to call the
plastic surgery team earlier, as previously mentioned.
There are concerns that the use of NPWT would further
delay reconstructive surgery. In our study, the median was
lower, at 9 days, but it was not statistically significant. Other
studies on the use of NPWT have also shown no difference in
dressing time in comparison with wounds treated with
traditional dressings for reconstructive surgery,?> or, even
with a longer time. In traumatic wounds they had rates of 90
to 100% of full wound closure in the short term (10-12
days).'®2% Diehm et al.?’ showed that the use of NPWT in

Pazio et al.

dermal substitutes (DS) reduced the mean time of applica-
tion for STSG by 4.67 days (p=0.031) and total healing by
6.16 days (p=0.00015), thus achieving closure in approxi-
mately 4.77 days.

Another relevant finding was the relation between the
depth affected of lesion and short-term healing success.
Wounds that reached the bone layer had a higher success
rate in healing than those that reached other layers, besides
dermis. Although this result seems contradictory, given
shallower injuries would be expected to have faster positive
outcome, it is probably associated with the fact that wounds
that affected the bone layer were more commonly treated
with NPWT dressings, leading to shorter treatment times
until improvement of the injury and until reconstructive
surgery was performed. This means that use of NPWT can be
more significant than depth in determining wound
resolution.

This is so because, in our study, allocation to the vacuum
therapy group, compared with the traditional dressing
group, increased the chance of successful short-term healing
by almost six times. Similar studies have shown shorter
treatment time in acute and chronic wounds (15.3 days
NPWT vs. 36.5 days control, p=0.013) with the vacuum
dressing.28 Other studies indicate that, in lower limb ulcers,
there is a higher closure rate in the NPWT group (OR = 2.63;
95% Cl: 1.87-3.70), with this proportion increasing the
earlier the dressing is applied (OR =3.38 for early and 2.18
for intermediate).2?

Regarding the stepping down in complexity, this has been
poorly and indirectly evaluated in studies, but there may be
an association with mechanisms already mentioned.'%3% In
our study, the traditional group presented a reduction in
complexity at 18.75% in the reconstructive ladder and main-
tenance of the type at 71.88%, while in the NPWT group there
was a 61.1% reduction and only 33.4% maintenance. Further-
more, even with access to a qualified team, out of the 13
lesions that were candidates for microsurgical flaps, none
were performed.

Argenta and Morykwas had already initially shown that
acute and subacute wounds treated with NPWT did not
require microsurgical flaps.” Other studies have also shown
greater use of STSG for lesions treated with vacuum, ranging
from 56 to 61.1%, similar to our result,’®3" which is higher

Table 2 Outcomes and complications of injuries (n=50) per group

Outcomes and complications Group p-value
Traditional Vacuum
Dressing changes 11 (6-22.8) 0 (0-1) < 0.001%
Debridements 2 (1-2.75) 2.5 (2-3) 0.084°
Reconstructive surgeries 2(1-2) 1(1-2) 0.219°
Complications 10 (31.2) 3(16.7) 0.328°
Postoperative infection® 6(18.8) 1(5.6) 0.398°
Full wound closure at 15 days 16 (50) 15 (83.3) 0.020¢

Abbreviations: IQR, interquartile range. Notes: All values are presented as Median (IQR) or Number (%).
Notes: *Mann-Whitney U. PFisher’s exact. Chi-squared. *Confirmed by bacterial culture of the wound. *Significant value.
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Table 3 Reconstructive options per injustice (n=50) per group

Reconstructive procedure Initial plan Performed

n (%) n (%)

Traditional Vacuum Traditional Vacuum
Closing by 2" intention 2 (6.3) 0 1(3.1) 1(5.6)
Closing by 3™ intention 0 0 1(3.1) 0
Skin graft® 16 (50) 5 (27.8) 20 (62.5) 11 (61.1)
Local flap 2 (6.3) 1(5.6) 1(3.1) 0
Regional flap 8 (25) 3(16.7) 9 (28.1) 6 (33.3)
Microsurgical flap 4 (12.5) 9 (50) 0 0
p-value® 0.055 1.000

Notes: *Fisher’s exact. PAll skin grafts were split thickness.

Table 4 Comparison between the treatment performed and
the initial plan per group

Traditional, n (%) Vacuum, n (%)
Reduction 6 (18.75) 11 (61.1)
Increase 3(9.37) 1(5.5)
Equal 23 (71.88) 6 (33.4)
p-value? 0.107 0.005"

Notes: *Wilcoxon signed rank test. *Significant value.

than the 32.69% in our previous work.?? Thus, showing a
possible impact of NPWT in reducing the complexity of
reconstruction.

Our study has some limitations. The hospital has only
three NPWT machines, which is incompatible with a referral
service in trauma, with nursing and plastic surgery teams
specializing in managing complex traumatic wounds. This
would explain the preference for using NPWT for deeper
lesions with exposed bone, and why only 36% of the trau-
matic wounds received this treatment, though still higher
than that of our previous experience (15.38%).2°

Table 5 Factors for successful short-term reconstruction

Additionally, a clinical trial was not conducted to
assess whether wounds that are candidates for the
same reconstructive technique would have changes in
the final result when using NPWT. The results found here
highlight an association based on experts’ opinion, and
not a direct cause-effect. Vacuum therapy should be
considered a great ally in plastic surgery,' and its high
initial cost is offset in the long term by positive outcome
in wound mane1gement,3032'33 or can be reduced with
low-cost models.?8:34

Additionally, studies with a larger number of evaluated
wounds and a longer follow-up period are necessary to
determine longer-term comparisons between vacuum ther-
apy and traditional dressings, regarding healing of difficult-
to-manage wounds, reconstructive ladder, total length of
hospital stay, hospital costs, as well as complications and
sequelae.

Conclusion

The length of hospital stay for patients with traumatic limb
injuries has a direct negative influence on the success rate
of reconstruction. Therefore, systematization of care with

Variable Short-term full wound p-value OR (95% Cl)
closure, %(n)

Vacuum dressing® 83.3% (15) 0.043" 5.993 (1.058-33.962)
Injury depth

Muscular 46% (11) - -

Dermis® 100% (1) 0.995 -

Subcutaneous® 57% (4) 0.037" 19.223 (1.191-310.275)

Bone® 83% (15) 0.011* 25.921 (2.131-315.286)
Length of stay until surgery, days (x4 SD) 29.7+23 0.011~ 0.935 (0.889-0.985)
Closure (x £SD) 24.48 £15.28 - -
No closure (x £SD) 38.81+30.42 - -

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; SD, standard deviation; X, average.
Notes: *In comparison to traditional dressing. ®In comparison to the muscular depth of the injury. *Significant value.
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early assessment by the plastic surgery team should be a
priority.

The use of NPWT led to a higher success rate in the

management of these wounds in the short term, and it
reduced complexity in the reconstructive ladder, but did
not impact on the number of surgical procedures required.
Its use should always be considered in the management of
trauma in limbs with soft tissue loss.
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