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in the management of acute burns

Metin Kement, M.D.," Adil Bagkiran, M.D.?

Department of General Surgery, University of Health Sciences, Kartal Dr. Liitfi Kirdar Training and Research Hospital, istanbul-Turkey
2Department of General Surgery, inénii University Faculty of Medicine, Malatya-Turkey

ABSTRACT

BACKGROUND: The aim of the present study was to evaluate the outcomes and efficacy of negative pressure wound therapy in
the management of acute burns.

METHODS: Patients with acute burns who have received negative pressure wound therapy at the Dr. Lutfi Kirdar Kartal Research
and Training Hospital Tertiary Burn Care Center between January 2014 and December 2015 were included in the study. Patient data
were retrospectively reviewed by analyzing data from our prospective patient database.

RESULTS: A total of 38 patients were evaluated for the study. Three patients were excluded due to mortality prior to the completion
of the treatment course. There were 32 (91.6%) male and 3 (8.4%) female patients. The mean age of the patients was 49.5%16 years.
The etiological factors included electrical burn injury in 19 (54.3%), chemical burn injury in 7 (20%), flame burn injury in 6 (17.2%),
and hot water burns in 3 (8.4%) patients. The severity of the burns was grade 3 or 4 in all of the patients included in the study. The
mean duration of negative pressure wound therapy was 10.1+3.9 days. There were no procedure-related complications throughout
the duration of the study. During the standard application of the device, one patient experienced local pain; therefore, low pressure
(75 mmHg) was applied during therapy, and pressure was steadily increased. As a result of the application of this therapy, a decrease
in the surface area, edema, and secretion of the wound and an increase in the granulation tissue and perfusion of the wound were
observed in all treated patients. VWound cultures revealed no bacterial growth in any of the patients. The mean duration of surgical
wound closure was |1.243.7 days. No complication was observed related to wound closure. The mean duration of hospital discharge
in the postoperative period was 6.7+2.1 days.

CONCLUSION: Well-designed, randomized control studies showing the efficacy of negative pressure wound therapy in patients
with burns are lacking. The results of the present study showed that negative pressure wound therapy may reduce the number of
wound debridement sessions, time of wound closure, and hospitalization in major burn injuries exposing the underlying tendons and
bones.
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INTRODUCTION

The increased risk of infection and delay in wound healing
are the main problems in burns, especially in cases with ex-
posure of the tendon and bone. During the management of
such wounds, skin grafts and flaps are used for wound clo-
sure. However, occasionally, the condition of the wound in
the early phases is not eligible for the application of such

therapies. Therefore, long-term open wound care and wound
dressings are used as a bridging therapy. In addition, despite
adequate therapy, some cases do not meet the adequate con-
ditions for wound closure.[!

Negative pressure wound therapy is a non-invasive therapeu-
tic method that supports the healing of acute and chronic
non-healing wounds. It was first described by Argent and
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Morykwas et al.B4 in experimental and clinical models and
became popular among physicians. The aim of the negative
pressure wound therapy is to increase local blood supply, in-
duce granulation tissue formation, and reduce the incidence
of infection.?*]

The aim of the present study was to evaluate the outcomes
and efficacy of negative pressure wound therapy in the man-
agement of acute burns.

MATERIALS AND METHODS

Patients

Patients with acute burns who have received negative pres-
sure wound therapy at the Dr. Lutfi Kirdar Kartal Research
and Training Hospital Tertiary Burn Care Center between Jan-
uary 2014 and December 2015 were included in the present
study. Patient data were retrospectively reviewed by analyz-
ing data from our prospective patient database. Patients with
an American Society of Anesthesiologists IV score, pediatric
patients who were <I2 years old, patients with concomitant
organ system injury, and patients who died during treatment
were excluded from the study.

Negative Pressure Wound Therapy System

In the present study, negative pressure wound therapy was ap-
plied using the vacuum-assisted wound closure (VAC) system
(Kinetic Concept, Inc., USA). The components of the system
include a sponge to cover the wound surface, drape to cover
the sponge and the wound, connectors between the wound
and the device (Therapeutic Regulated Accurate Care—
T.R.A.C. pad), collectors, and negative pressure device.

Application

In all patients, escharotomy and wound debridement were
performed in the operating room. At the end of the sur-
gical steps, the sponges were shaped according to the size
of the wound and used to cover the surface of the wound.
The drapes were applied in order to cover the wound and
sponges. A hole is punched on the drape, and T.R.A.C. pad
is applied. The connectors are applied to the wound and the
VAC device. The negative pressure setting is adjusted to 100—
150 mmHpg, and the device is turned on. The wound dressings
were changed once in 72 h. The wound diameter, granulation
tissue, and blood supply were evaluated in each wound care
session. Wound debridement was applied when necessary.
Tissue cultures were obtained whenever the wound dressings
were changed. Antibiotic therapy was started and changed
according to the results of these cultures. VAC therapy was
continued until the wound surface and granulation were eligi-
ble for surgical closure methods. In each step, the condition
of the wounds was documented.

Study Parameters

The study parameters included demographic data, such as age
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and gender, and clinical parameters, such as mechanism of
the burn, localization of the wound, duration of VAC therapy,
duration of therapy in general, and techniques of final wound
closure.

Statistical Analysis

Continuous data were expressed as mean and standard de-
viation. Qualitative data were expressed as numbers and
percentages. All the statistical procedures were performed
using the Statistical Package for the Social Sciences software
package version 17.0 (IBM, USA).

RESULTS

A total of 38 patients were evaluated for the study. Of the
patients, three were excluded due to mortality before com-
pleting the treatment course. Of 35 patients, 32 (91.6%)
were males, and 3 (8.4%) were females. The mean age of the
patients was 49.5t16 years. Table | shows the demographic
and clinical characteristics of the patients. The etiological
factors included electrical burn injury in 19 (54.3%), chem-
ical burn injury in 7 (20%), flame burn injury in 6 (17.2%),
and hot water burns in 3 (8.4%) patients. The severity of
the burns ranged from grade 3 to 4 in all of the patients in-
cluded in the study. The mean duration of negative pressure
wound therapy was 10.1£3.9 days (Table |). No procedure-
related complications throughout the duration of the study
were observed. One patient experienced local pain during
the standard application of the device; thus, low pressure
(75 mmHg) was applied during therapy, and pressure was
gradually increased. Reduction in the surface area, edema,
and secretion of the wound and elevation in the granula-
tion tissue and perfusion of the wound are observed in all
patients treated using this therapy (Fig. 1). Wound cultures
showed no bacterial growth in any of the patients. The mean
duration of surgical wound closure was | 1.2£3.7 days. There
was no complication related to wound closure. The mean
duration of hospital discharge in the postoperative period
was 6.7+2.] days.

DISCUSSION

Burn injury affects all the physiological systems of the or-
ganism, and the patient should be thoroughly evaluated. It

Figure 1. The figure shows a major grade 4 burn injury of the hand
exposing the tendon (a) and the condition of the wound after two
sessions of negative pressure wound therapy (b).
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Table I. Characteristics of the patients analyzed in the study
Diagnosis Gender Age Period of VAC Affected region Wound closure technique  Concomitant disease
Flame injury Male 29 3x3=9 Hand-Forearm Graft No
Male 13 2x3=6 Foot Graft No
Male 36 5x3=I5 Thigh Graft No
Male 35 3x3=9 Leg Flap+graft No
Male 50 3x3=9 Forearm Graft No
Male 35 4x3=12 Bilateral thigh Graft No
Electric injury Male 65 3x3=9 Foot Flap+graft No
Male I5 7x3=21 Foot Graft No
Male 31 1x3=3 Leg Graft No
Male 23 3x3=9 Leg Graft No
Male 31 5x3=15 Foot Graft No
Male 41 5x3=15 Foot Graft No
Male 51 2x3=6 Forearm Flap No
Female 52 5x3=15 Thigh Flap Neurologic
Male 45 5x3=15 Foot Graft No
Male 70 3x3=9 Leg Graft No
Male 67 4x3=12 Bilateral leg Graft+suture No
Male 45 2x3=6 Arm and forearm Graft No
Male 54 2x3=6 Leg Amputation No
Female 59 4x4=16 Foot Flap+graft No
Male 66 3x3=9 Foot Flap No
Male 55 3x3=9 Leg Graft No
Male 70 3x3=9 Foot Graft No
Male 38 2x3=6 Foot Graft No
Male 70 5x3=15 Foot Graft No
Chemical injury Male 55 3x3=9 Hand Finger amputation No
Male 63 3x3=9 Elbow+forearm Graft No
Male 68 3x3=9 Foot Graft+amput DM
Male 55 4x3=12 Scalp Graft No
Male 58 3x3=9 Hand Flap+graft No
Male 60 3x3=9 Foot Graft No
Hot water burns Male 49 3x3=9 Forearm Graft No
Male 67 3x3=9 Leg Graft No
Male 65 4x3=12 Leg Graft DM
Female 45 Ix3=3 Leg Flap+graft No

VAC: Vacuum Assisted Wound Closure; DM: Diabetes mellitus.

has a major impact on society and has great morbidity and
mortality. Major burns have 6% mortality even in developed
countries. In Turkey, the mortality rate has been reported at
7.5% in recent studies.*”! In the USA, it has been reported
that treatment of a patient with major burns costs $200,000.
Globally, there are multidisciplinary studies that are being
performed to increase the efficacy and reduce the costs of
burn treatment.l'®
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Tissue injury in patients with burns results in regional edema
in the soft tissue. Burn injury leads to capillary leak and re-
sults in accumulation of fluids in the interstitial space, result-
ing in edema.l”! Edema changes the morphology and function
of the cells and results in enhanced tissue damage. Edema
in the interstitial space causes mechanical compression on
the vessel wall and reduces the vascular supply of the tissue.
Furthermore, it increases the diffusion distance in the inter-
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stitial space, and all these changes result in cellular hypoxia
and progressive tissue damage.

Negative pressure wound therapy reduces edema and results
in many physiological changes that enhance wound healing.
Morykwas et al.B! performed Doppler flow meter in a skin
defect model and showed that a negative pressure of 125
mmHg results in four times increase in tissue blood flow.!"]
Negative pressure wound therapy enhances tissue perfusion,
and capillary density of the tissue increases and results in re-
duced tissue edema.l'*''l Mechanical stress to the endothe-
lium results in the secretion of certain cytokines and cellular
factors and results in endothelial proliferation and neoangio-
genesis. Enhanced perfusion and reduced edema provide a
perfect milieu for granulation tissue to develop rapidly.l'®!"!
Negative pressure wound therapy eliminates local bacteria,
reduces proteases that prevent wound healing, enhances
wound healing, and reduces healing time.[>'2 The efficacy of
negative pressure wound therapy has been proven in patients
with diabetic foot and abdominal compartment syndrome.!'?!

Negative pressure wound therapy has two types of applica-
tions in the management of patients with burns. In the initial
approach, such as ours, negative pressure wound therapy is
applied primarily. In the second approach, it can be applied
after grafting of the wound area.l'! Although randomized
well-designed studies supporting the primary use of negative
pressure wound therapy are lacking, there are many minor
reports and case series supporting the efficacy of this ap-
proach that reduces the grafting time of the wound.l"”! To
our knowledge, the present study is the largest case series
in the literature that has employed VAC in patients with ma-
jor burns. Negative pressure wound therapy has enhanced
granulation formation, reduced edema, and reduced bacterial
load in our series. Only one case reported pain due to the
application of standard negative pressure wound therapy, and
it was resolved following reduction of pressure in this patient.
The major limitation of our study is the lack of a control
group due to the retrospective design of the study. Further-
more, we did not obtain tissue biopsy for the histological
evaluation of the effects of negative pressure therapy.

Conclusions

Well-designed, randomized control studies showing the ef-
ficacy of negative pressure wound therapy in patients with
burns are lacking. The results of the present study showed
that negative pressure wound therapy may reduce the num-
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ber of wound debridement sessions, time of wound closure,
and hospitalization in major burn injuries exposing the under-
lying tendons and bones.

Conflict of interest: None declared.

REFERENCES

1. EtszA, C)zgenel GY,Ozcan M. Application of Negative Pressured Dress-
ing: Our Clinical Experiences [Article in Turkish]. Tiirk Plast Rekonstr
Est Cer Derg 2004;12:102-5.

2. DeFranzo AJ, Argenta LC, Marks MW, Molnar JA, David LR, Webb
LX, et al. The use of vacuum-assisted closure therapy for the treatment
of lower-extremity wounds with exposed bone. Plast Reconstr Surg
2001;108:1184-91. [CrossRef]

3. Morykwas MJ, Argenta LC, Shelton-Brown EI, McGuirt W. Vacuum-
assisted closure: a new method for wound control and treatment: animal
studies and basic foundation. Ann Plast Surg 1997;38:553-62.

4. Arcenta LC, and Morkywas MJ. Vacuum-assisted closure: a new method
for wound control and treatment: clinical experience. Ann Plast Surg
1997;38:563-77. [CrossRef ]

5. Voinchet V, Magalon G. Vacuum assisted closure. Wound healing by neg-
ative pressure [Article in French]. Ann Chir Plast Esthet 1996;41:583-9.

6. Monafo WW. Initial management of burns. N Engl ] Med
1996;335:1581-6. [CrossRef ]

7.  Gomez M, Cartotto R, Knighton J, Smith K, Fish JS. Improved survival
following thermal injury in adult patients treated at a regional burn cen-
ter. ] Burn Care Res 2008;29:130-7. [CrossRef]

8. Venturi ML, Attinger CE, Mesbahi AN, Hess CL, Graw KS. Mecha-
nisms and clinical applications of the vacuum-assisted closure (VAC)
Device: a review. Am ] Clin Dermatol 2005;6:185-94. [CrossRef ]

9. Gibran NS, Heimbach DM. Current status of burn wound pathophysi-
ology. Clin Plast Surg 2000;27:11-22

10. Coles DR, Greenfield AD. The reactions of the blood vessels of the hand
during increases in transmural pressure. ] Physiol 1956;131:277-89.

11. Utrschel JD, Scott PG, Williams HTG. The effect of mechanical stress on
soft and hard tissue repair; a review. Br ] Plast Surg 1988;41:182-6.

12. LiXY,LiWZ,LiY],Lv XX, Li], Chen SZ, Li JQ. The influence of vacu-
um-assisted drainage on the growth of capillaries in the wound produced
by explosion in pig [Article in Chinese]. Zhonghua Shao Shang Za Zhi
2007;23:292-5.

13. Xie X, McGregor M, Dendukuri N. The clinical effectiveness of neg-
ative pressure wound therapy: a systematic review. ] Wound Care
2010;19:490-5. [CrossRef]

14. Kamolz LP, Lumenta DB, Parvizi D, Wiedner M, Justich I, Keck M, et al.
Skin graft fixation in severe burns: use of topical negative pressure. Ann
Burns Fire Disasters 2014;27:141-5.

15. Addmkova M, Tymonova J, Zémecnikova I, Kadlcik M, Klosova H. First
experience with the use of vacuum assisted closure in the treatment of
skin defects at the burn center. Acta Chir Plast 2005;47:24-7.

415


https://doi.org/10.1097/00006534-200110000-00013
https://doi.org/10.1097/00000637-199706000-00001
https://doi.org/10.1097/00000637-199706000-00002
https://doi.org/10.1056/NEJM199611213352108
https://doi.org/10.1097/BCR.0b013e31815f6efd
https://doi.org/10.2165/00128071-200506030-00005
https://doi.org/10.1113/jphysiol.1956.sp005462
https://doi.org/10.1016/0007-1226(88)90049-5
https://doi.org/10.12968/jowc.2010.19.11.79697

Kement et al. Efficacy of negative pressure wound therapy in the management of acute burns

ORIJINAL CALISMA - OZET

416

Akut yaniklarin tedavisinde negatif basingli yara terapisinin etkinligi
Dr. Metin Kement,' Dr. Adil Bagkiran?
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AMAC: Bu calismada, amacimiz negatif basingli yara terapisinin (NBYT) akut yaniklarin tedavisindeki sonuglari ve etkinliginin arastirilmasiyd.
GEREC VE YONTEM: Bu calismaya, Ocak 2014 ile Aralik 2015 tarihleri arasinda Kartal Dr. Liitfi Kirdar Egitim ve Arastirma Hastanesi Yanik
Merkezi'nde yanik yarasi sebebiyle NBYT uygulanan hastalar dahil edildi. Hasta verileri ileriye yonelik olarak tutulan bir veritabani kullanilarak geriye
doniik olarak toplandi. Olgularin; yas, cinsiyet, yanik etiyolojileri, yara lokalizasyonlari, VAC uygulama siireleri, genel tedavi siireleri, yara kapatma
teknikleri geriye doniik olarak degerlendirildi.

BULGULAR: Calismaya alinan toplam 35 olgunun 32’si (%91.6) erkek, lgl (%8.4) kadindi. Hastalarin genel yas ortalamalari 49.516 (13-79) idi.
Etiyolojik faktorler sirasiyla 19 (%54.3) olguda elektrik carpmasi, yedi (%20) olguda temas yanigy, alti (%17.2) olguda alev yanig, lg (%8.6) olguda
sicak su seklindeydi. Uygulama yapilan yaralarin timinde yaniklar 3. veya 4. derece idi. NBYT uygulama siiremiz en az Ug, en ¢ok |6 giin olmak
lizere ortalama 10.1%3.9 giindli. Hastalarin higbirinde uygulamaya bagli komplikasyon gelismedi. Bir hastamizda standart basingta uygulama sirasinda
lokal agri gelismesi lizerine uygulamaya dislik basing ile (75 mmHg) devam edilerek basing kademeli olarak artirildi. Uygulama sonucu tiim hastalarin
yara alanlarinda kiigtilme, graniilasyon dokusunda ve kanlanmada artma, 6dem ve yara sekresyonunda azalma gézlemlendi. Hastalarin higbirinde
uygulama bolgesinde bakteriyal lireme tespit edilmedi. Tim hastalarin yaralari cerrahiye uygun olarak degerlendirilerek ortalama | 1.2£3.7 giiniin
sonunda greft veya flep yontemlerinin biri kullanilarak kapatildi. Hastalarin higbirinde greft ya da flebe sekonder komplikasyon gériilmedi. Hastalar
ameliyat sonrasi ortalama 6.7+2.1 (5-9 gtin) glinde taburcu edildi.

TARTISMA: Calismamizin bulgulart isiginda, NBY T nin iyilesmesi zor, derin, tendon ve kemik ekspoze olmus yaniklarda yaranin kisa slirede greft ya
da flepler ile kapatiimasina olanak vererek, pansuman sayisini ve hastanede yatis sliresini azaltabilecek yardimci bir tedavi segenegi olabilecegi soyle-
nebilir. Ancak, halen daha literatiirde NBYT’nin yanikta kullanimt ile ilgili kanit diizeyi yiiksek ileriye yonelik, randomize, kontrollt galisma eksikliginin
de mevcut oldugu vurgulanmalidir.

Anahtar sozclikler: Graft; negatif basingl yara tedavisi; yanik.
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