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1	 �Introduction

Burns are common and devastating injuries, often 
accompanied by severe physical and psychologi-
cal impairment. Advances in burn care have 
effected a steady decline of burn mortality rates 
during the past decades [1]. While until the mid-
twentieth century, the burn eschar was left to be 
digested by bodily and bacterial enzymes, the 
1970s brought the early excision of the burns. 
This paradigm change in the approach to burn 
wounds resulted in a dramatic increase of sur-
vival rates after burn injuries [2].

Nowadays, extensive burns remain a challenge 
for burn surgeons for two main reasons: on the 
one hand, large areas of tissue loss require rapid 
coverage with autologous skin transplants, while 
on the other hand, there is a limited availability of 
donor sites [3]. The chance of complete graft take 
decreases with increasing percentage of burned 
total body surface area (TBSA). While in burns 
smaller than 35% TBSA take rates average 95%, 
the mean take rate in burns exceeding 35% TBSA 
is much lower [4].The chance of survival is 
closely related to the success of early skin graft-
ing. Not only does a restored skin barrier pre-
vent from further fluid and temperature loss and 

life-threatening hypothermia. Untreated burn 
wounds represent the ideal habitat for microor-
ganisms and consequently act as origin for blood-
stream infections. Today, septic complications are 
the most common cause of death after burns [2]. 
Prolonged and incomplete graft healing further-
more facilitates the development of hypertrophic 
scars and contractures which further impair the 
functional and aesthetic outcome of the injury [5].

High skin graft take rates are of utmost impor-
tance and determine the course of the recovery 
process to significant extent. Topical negative 
pressure (TNP) has found various applications in 
wound management since its introduction in the 
1990s [6]. Due to its healing-promoting proper-
ties, it was soon proposed as method for skin 
graft fixation [7]. In acute burns, TNP dressings 
have been found superior to gauze bandages with 
regard to burn wound progression [8]. Skin graft 
fixation in burns using TNP helped to achieve 
good wound healing results [9].

2	 �General Effects of Topical 
Negative Pressure (TNP)

TNP wound therapy was first described by 
Morykwas and Argenta in 1997 [10, 11]. The 
TNP dressing consists of a reticulated open-cell 
polyurethane foam that is fit into the wound and 
sealed toward the surrounding with an adhesive 
occlusive drape. Negative pressure is then applied 
through a specialized tubing system and a suction 
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device. Subsequently wound exudate is removed, 
and the wound tissue is exposed to mechanical 
forces exerted by the subatmospheric pressure 
[6]. Since its upcoming the technique has been 
used for wounds of various etiologies, and differ-
ent mechanisms and effects on wound healing 
have been discovered. Firmly established are the 
effects of TNP on local blood flow, formation of 
granulation tissue, and its regulatory influence on 
the microbiome of the wound [12]. Table 1 pro-
vides an overview over the known effects of TNP 
on wound healing.

3	 �Tissue Perfusion and Edema 
Reduction

The effects of TNP on microcirculation have 
been investigated in various models. Many of 
the wound-healing-promoting properties of 
TNP are being deduced on its perfusion-alter-
ing properties.

In an early animal trial with pigs, random-
pattern flap survival was significantly increased 
(by 20% on average) when −125 mmHg TNP 

was applied. This effect was mainly interpreted 
as the result of improved microcirculation. The 
effect has been seen to be pressure dependent. 
At −125  mmHg TNP, blood flow increased, 
whereas it was decreased at −400 mmHg [10]. 
This increase in blood flow seems to be accom-
panied by morphologic changes in the tissue, 
including increased vascular diameter, 
increased angiogenesis, and enhanced endothe-
lial proliferation [13]. The changes in blood 
flow are, however, unevenly distributed across 
the wound and also depend on the type of tis-
sue. There is a zone of relative hypoperfusion 
close to the wound margins, while approxi-
mately two centimeters from the wound perfu-
sion increases to its maximum before returning 
to baseline levels again in the periphery. In 
musculature the zone of relative hypoperfusion 
is comparably small, while there is a strong 
increase in perfusion. In subcutaneous tissue, 
the increase in blood flow is less pronounced, 
and the zone of relative hypoperfusion is larger. 
Blood flow at the wound edges increases multi-
fold when TNP is discontinued—an effect that 
is most likely the result of reactive hyperemia 
[14, 15]. There is evidence that negative pres-
sures between −80 mmHg and the clinical stan-
dard of −125  mmHg can be considered as 
equivalent regarding wound perfusion [16]. 
Recent research explored novel and potentially 
promising indications for TNP treatment with 
regard to tissue perfusion. TNP doubled micro-
vascular blood flow in normal, ischemic, and 
reperfused myocardium in pigs [17].

Although it is not yet fully understood how 
TNP causes improved microcirculation, it seems 
feasible that the applied subatmospheric pres-
sure creates an interstitial fluid gradient and 
reduces edema. Thus the extrinsic cause for 
impaired vascular perfusion is removed [10]. So 
far this hypothesis however lacks profound sci-
entific foundation—also because tissue edema 
is notoriously difficult to quantify. Nonetheless, 
a reduction of edema can be observed clinically 
[6, 11, 18], and recent findings also suggest that 
TNP-treated tissue is “dryer” than untreated and 
has greater fluid storage potential [19].

Table 1  Effects of TNP on wounds

Effects of TNP

Perfusion �•  Increased perfusion
• � Perfusion decrease at the wound 

margins, increase approximately 
2 cm to the periphery, normal levels 
5 cm to the periphery

�• � Increase of perfusion greater in 
muscle than in adipose tissue

Edema �• � Reduced edema (observed 
clinically)

�• � TNP-treated tissue shows increased 
fluid storage potential

Proliferation �• � Enhanced granulation tissue 
formation

�• � Reduced concentrations of 
antiproliferative enzymes

�• � Increased concentrations of matrix 
metalloproteinase inhibitors

Wound 
microbiome

�•  Inhibits bacteria proliferation
�•  Inhibits formation of biofilms
�• � Antibacterial effects are enhanced 

when silver-impregnated foam is 
used
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4	 �Tissue Proliferation 
and Cellular Response

According to Wolff’s law established in the late 
1800s, all living tissues react to mechanical 
stresses in dynamic fashion. While pressure 
results in tissue atrophy with only few excep-
tions (e.g., epiphyseal cartilage), tensile forces 
promote tissue proliferation. Similarly also TNP 
exerts tractive effort on the wound surface. For 
example, full-thickness skin defects in pigs 
treated with −125 mmHg TNP were completely 
filled with granulation tissue after 8  days. 
During that time, wounds treated with 
−25 mmHg were filled up to 20% with granula-
tion tissue, and wounds treated with −500 mmHg 
were filled up to just 6% with granulation tissue. 
At this pressure also a significant thickening of 
the wound walls occurred, resulting in artificial 
deepening of the defect [20]. On the other hand, 
also improper handling of TNP dressings can 
have deleterious consequences: when an air leak 
was simulated in −125 mmHg TNP dressings, 
experimental wounds in pigs increased almost 
twofold in size [20]. On the molecular level, 
TNP seemed to reduce concentrations of pro-
matrix metalloproteinase-9 (pro-mmp-9) as 
well as the active enzyme mmp-9 in chronic and 
acute wounds. Mmp-9 is a type IV collagenase, 
and high levels are associated with prolonged 
wound healing. TNP also helped to maintain a 
low ratio of mmp-9 to the tissue inhibitor of 
metalloproteinases 1 (TIMP-1) in the wound. A 
low ratio of mmp-9/timp-1 is associated with 
improved wound healing [21].

5	 �Effects on Wound 
Microbiome

TNP is often referred to as a mean for maintaining 
a clean wound surface by removing exudates. 
However, also regulatory effects on the wound 
microbiome seem to exist. A significant reduction 
of bacteria counts in experimental wounds in pigs 
occurred after application of −125  mmHg TNP 
for 4 days [10]. It seemed as if the application of 

TNP had the ability to prevent systemic spread of 
local infections. In a murine burn wound sepsis 
model, full-thickness scalds contaminated with 
Pseudomonas aeruginosa inocula received either 
wet-to-dry dressings or TNP therapy. After 2 
weeks of treatment, 33% of TNP-treated mice had 
survived compared to 10% in the wet-to-dry 
dressings group [22].

Observations from in vitro models support the 
aforementioned findings: reduced growth rates 
and loss of the ability to create biofilms were 
observed when Staphylococcus aureus was cul-
tured under −125 mmHg negative pressure con-
ditions [23]. TNP application to biofilm forming 
P. aeruginosa for 2 weeks resulted in a small but 
statistically significant reduction of bacterial 
counts compared to untreated controls. Silver-
impregnated TNP foam speeded this process up, 
and the difference reached significance after only 
24  h [24]. The synergistic effects of silver-
impregnated foam and TNP application how-
ever  depended on the bacterial strains used. 
Application of silver foam alone already led to a 
significant reduction of S. aureus and MRSA 
counts, whereas the effects on P. aeruginosa and 
Staphylococcus epidermidis were negligible until 
TNP is added [25].

6	 �Treatment of Acute Burns 
with TNP

According to Jackson’s [26] original definition of 
tissue damage in burn wounds, a burn consists of 
three concentric zones: the innermost coagula-
tion zone is characterized by irreversible tissue 
damage. Next to it there is the hypoperfused zone 
of stasis, where both viable and necrotic cells are 
present, which is followed by the zone of hyper-
emia that is characterized by active edema forma-
tion. The zone of stasis and the zone of hyperemia 
are at risk for necrosis but potentially salvageable 
if perfusion can be kept upright. When progres-
sive edema and local inflammation further impair 
vascular flow in these two zones, thrombotic 
obliteration of the affected vessels results in 
necrosis of formerly viable tissue [27].

Skin Graft Fixation in Severe Burns: Use of Topical Negative Pressure
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The process of burn wound progression usually 
occurs during the first 3–5 days after trauma. During 
this time frame, a burn that has initially been diag-
nosed to be superficial may progress in size and 
depth to a deep dermal or full-thickness skin defect 
requiring surgery and skin grafting. Consequently 
burn wound progression significantly adds to the 
initial morbidity of the injury [28].

Due to its perfusion-altering effects, TNP has 
been ascribed the potential of counteracting burn 
wound progression [8, 29]. The effects of TNP 
on acute burns have been studied both in animals 
[30] and humans [8, 29, 31]. The main influence 
of TNP on burn wounds seems to lie in the reduc-
tion of burn wound edema which in turn increases 
blood flow (Fig. 1) [8, 29].

7	 �Observations from Animal 
Trials

Application of −125 mmHg TNP on burn wounds 
in pigs for 6 h resulted in a significantly decreased 
maximum depth of cellular death below the 
wound surface when compared to controls treated 
with sterile dressings. Thereby it seemed as if 
TNP had greatest efficacy when applied early 
after the injury [30]. The tissue-preserving effect 
of TNP is probably based in part on its ability to 

restore the integrity of damaged collagen fibers. 
Burns are accompanied by denaturation of colla-
gen strands within the damaged tissue. It is likely 
that the surface tension exerted by unfolded col-
lagen fibers causes a fluid gradient from the vas-
culature to the extracellular space [32, 33]. 
Explants of burned skin from pigs treated with 
−125 mmHg TNP in situ presented with a fluid 
storage capacity similar to that of unsevered tis-
sue when put into a water bath. This finding was 
attributed to the mechanical compression of der-
mal structures that prevents fluid influx in situ. 
This in turn probably reduced swelling and fur-
ther unfolding of damaged collagen [19].

8	 �Clinical Observations

Clinical studies investigated the use of TNP to pre-
vent burn wound progression in hand burns [8, 
29]. Burn wound perfusion was the primary end-
point and monitored using indocyanine green 
angiography (ICGA). The technique allowed for 
objective qualitative and quantitative measure-
ment of vascular perfusion. Indocyanine green dye 
was injected intravenously, and vascular dye 
uptake in the region of interest was recorded with 
a specialized video camera using dynamic laser-
fluorescence angiography. The maximum recorded 

Superficial dermis
(edematous)

Superficial dermis
(reduced edema)

Deep dermis
(edematous)

Deep dermis
(reduced edema)

a b

Fig. 1  Theory of TNP effects on burn wounds: (a) Edema 
forms in tissues around the burn wound and impairs perfu-
sion through compression of vasculature which results in 

deepening of a burn. (b) TNP dressings reduce edema and 
alter perfusion which counteracts burn wound progression

C. Smolle et al.
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pixel intensity was assessed to quantify wound 
perfusion. ICGA accurately predicts survival in 
the zone of ischemia [34] and can be used to iden-
tify areas requiring surgical intervention [35, 36].

In the studies published [8, 29], patients with 
bilateral second-degree hand burns were 
assigned to the study protocol within 6 h after 
trauma. The more severely injured hand received 
−125 mmHg TNP therapy, while the other was 
treated with sulfadiazine cream and conven-
tional gauze dressings. For sufficient and easy 
coverage of the treated hand, a special TNP 
glove was used (Fig.  2). ICGA measurements 
were carried out upon admission and daily 
thereafter. If burn wound progression necessi-
tated surgery, conservative treatment was dis-
continued. Surgical therapy consisted of a 
combination of tangential excision and split-
thickness skin grafting or dermabrasion and 
autologous keratinocyte application.

In conventionally treated hands, vascular per-
fusion as assessed with ICGA was significantly 
decreased on days 1–3 after trauma relative to 
baseline levels. In TNP-treated hands, vascular 
perfusion could be maintained, i.e., did not 
decrease compared to baseline levels [8, 29]. 
Also dye uptake, meaning the time from intrave-
nous injection of indocyanine green dye to maxi-
mum pixel intensity recorded, was significantly 
slower in controls than in treated hands [8, 29]. In 
addition, skin grafting was required less often in 
TNP-treated hands. Clinically an impressive 
reduction of edema was observed [8].

According to case studies, TNP may also 
have beneficial effects on frostbites. Poulakidas 
et al. [37] treated an adult male with frostbites to 
one foot. Although the wounds were in a detri-
mental state upon admission and TNP therapy 
was initiated 72 h after trauma, all wounds had 
healed after 4 weeks. In children with frostbites 
to the hands, TNP therapy helped to prevent the 
loss of digits. Follow-up X-rays revealed that 
full integrity of epiphyseal cartilages could be 
preserved. Therefore, TNP therapy may be a 
method to prevent long-term complications in 
pediatric frostbites [38].

9	 �Skin Engraftment and TNP 
to Enhance Skin Graft Take 
Rates

During the first days after grafting, the skin trans-
plant is nourished by diffusion of nutrients from 
the wound bed. In this phase of treatment, the 
parts of the transplant that are not in contact with 
the wound bed will not take, i.e., die off. After 
48–72 h, the vessels from the wound bed connect 
to existing graft vasculature, and reperfusion sets 
in [39, 40]. During the following days, the 
autochthonous graft vasculature is successively 
replaced by sprouting vessels from the wound 
bed, and the skin graft is incorporated [41, 42]. 
Seroma or hematoma formation underneath the 
graft may hinder successful engraftment, and 
shearing forces may disrupt the early vascular 
connections between transplant and wound bed. 
Local infection often has detrimental conse-
quences and may result in complete graft loss. 
Desiccation must be avoided by all means [43].

TNP combines all features required for ideal 
skin graft treatment in one application: immobili-
zation of the graft and ensuring close contact to 
the wound bed, maintenance of a moist wound 
milieu, and reduction of bacterial load [6]. 
Possibly TNP alters diffusion of nutrients from 
the wound bed to the skin graft [44]. First clinical 
experiences with TNP for skin graft fixation have 
been made by Schneider et  al. [7]. The authors 
found that TNP was especially useful in difficult 
recipient areas and is applicable to a wide range 

Fig. 2  TNP glove is used to immobilize the hand in 
intrinsic plus position
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of wounds. Results from later clinical studies 
support this rationale.

In an early case study, the use of TNP dress-
ings for split-thickness skin graft fixation in 
chronic leg ulcers was described. After only 
5 days of treatment, take rates ranged from 95 
to 100% [45]. Because there was no represen-
tative control group, no conclusions could be 
drawn concerning the superiority of TNP over 
conventional dressings. A later report com-
pared conventional dressings and TNP for skin 
graft fixation in wounds of different etiology in 
61 consecutive patients. Although there were 
no differences concerning take rates, patients 
in the TNP arm of the study required re-graft-
ing significantly less often [43]. A retrospec-
tive analysis compared the outcome of meshed 
split-thickness skin grafts in 74 leg ulcers 
before and after implementation of TNP dress-
ings. The mean take rate in the TNP-treated 
group (93%) was significantly higher than that 
of the group managed with conventional dress-
ings (67%). No severe side effects of TNP were 
reported; however, occasional discomfort 
occurred in TNP-treated areas when suction 
was applied, and some patients reported sleep-
ing problems because of the noises of the elec-
tric pump [46].

Currently, few randomized controlled trials 
exist that compare TNP and conventional skin 
graft bolster dressings. Moisidis et al. [47] reported 
increased or equal take rates in 75% of TNP-
treated grafts compared to conventional dressings. 
In a subjective evaluation, TNP-treated grafts were 
also considered qualitatively equal or better in 
85% of the cases [47]. A randomized, double-
masked, controlled trial reported significantly bet-
ter take rates, significantly shorter hospitalization 
times, and significantly fewer reoperations in skin-
grafted patients treated with TNP [48]. In a recent 
analysis of patients receiving skin grafts for burn 
wound coverage or secondary reconstruction, 
equally significant higher take rates were seen 
when TNP was used. TNP-treated grafts also 
healed faster, so they required dressings for a sig-
nificantly shorter period of time [49].

TNP can also be used to prepare wound 
beds for skin grafting. While full-thickness 
skin grafts have advantages over split-thick-
ness skin grafts—including better skin pliabil-
ity, lower shrinking tendency, and better color 
match—high take rates cannot be achieved as 
reliably. Preconditioning of wound beds with 
TNP prior to full-thickness skin grafting 
resulted in average take rates of 95% even in 
large wounds [50].

10	 �Technique

Various methods to enhance graft take in burns 
have been proposed, including fibrin sealant [51], 
medical honey [52], or amniotic membrane [53]. 
Large burns requiring skin grafting represent a 
prime indication for TNP wound therapy in a 
way for two reasons: (1) especially second-
degree burns go along with significant water 
evaporation, and (2) local and generalized edema 
compromise vascular perfusion of the wound bed 
[8, 54]. With the knowledge that TNP dressings 
allow for wound drainage, enhance perfusion of 
burn wounds through edema reduction, and 
improve skin graft take rates, TNP has been 
applied for skin graft fixation in burns on several 
occasions [3, 9, 55–59].

11	 �Experiences with TNP 
for Skin Graft Fixation 
in Burn Patients

Table 2 gives an overview over the results of clin-
ical studies and case reports published on the 
topic. In general, good experiences have been 
made with the technique, and in all studies, the 
reported take rates were above 90% even in the 
severely burned [9, 55–59].

Schintler et al. [55] were the first to describe 
the use of TNP for skin graft fixation in extensive 
burns. A 6-year-old boy with 40% TBSA deep 
flame burns on the neck, the trunk, and the right 
arm was treated with fascial-level excision and 
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split-thickness skin grafts meshed 1:2. All grafted 
areas were treated with TNP for 5 days; 7 days 
after surgery take rate was 100% (Figs. 3 and 4). 
Throughout the whole course of the therapy, the 
patient was alert and in an unexpectedly good 
general condition [55].

Roka et al. [56] as well as Kamolz et al. [9] 
further explored the use of TNP for skin graft 

fixation in larger cohorts. Roka described a 
cohort of 29 patients with second- to third-degree 
burns and a mean Baux score of 78.6%, while 
Baux scores exceeded 100  in six patients. The 
mean grafted TNP-treated TBSA was 20.2%, and 
the median time of TNP treatment was 4 days. 
The survival rate was 97%—one male with a 
Baux score of 121 succumbed to his injuries, 

Table 2  Results of studies on application of TNP for skin graft fixation in burns

Study Patients

Mean Baux 
score, age, and 
burned TBSA 
(BTBSA)

Grafted TBSA 
covered with 
TNP

Take rate 
(tr) survival 
rate (sr)

TNP-related 
complications

Additional benefits 
of TNP therapy

Roka et al. 
(2007) [56]

n = 29; 15 
male, 14 
female

Baux: 78.6 
(sd ± 24.4)
Age: 59.4 
(sd ± 21.5) 
years
BTBSA: n.a.

20.2% 
(sd ± 13.0)

tr: n.a.
sr: 97%

None reported Continuous wound 
drainage, splinting 
effect, yet early 
mobilization 
possible

Kamolz et al. 
(2014) [9]

n = 37; 18 
male, 19 
female

Baux: 88.6 
(sd ± 24.4)
Age: 59.4 
(sd ± 21.5) 
years
BTBSA: n.a.

>25% tr: >95%
sr: 97%

None reported Wound drainage, 
local edema 
reduction

Hoeller et al. 
(2014) [57]

n = 60; 36 
male, 24 
female

Baux: n.a.
Age: 8 (sd ± 6) 
years
BTBSA: 4.5% 
(range 
3.0–12.0%)

3.5% (range 
2.0–6.0%)

tr: 95%
sr: 100%

Extensive 
bleeding 
requiring 
revision (no 
influence on tr)

Fixation of grafts in 
physically very 
active non-compliant 
infants, early 
mobilization

Fischer et al. 
(2016) [58]

n = 12; 
gender 
n.a.

Baux: n.a.
Age: 35.5 
(range 18–63) 
years
BTBSA: 
29.6% (range 
15–60%)

n.a.
(total 
TNP-treated 
TBSA, donor 
sites, and skin 
grafts, 35.1%)

tr: 97%
sr: 100%

Acute kidney 
injury after TNP 
installation, 
causal relation 
unlikely

Possibility of wound 
exudate collection to 
estimate fluid loss 
and requirements

Case studies

Schintler, 
et al. (2005) 
[55]

1 male Baux: n.a.
Age: 6 years
BTBSA: 40%

40% tr: 100%
survived

Leakages in the 
TNP system 
could be easily 
resealed

Early mobilization, 
good overall 
condition of treated 
patient, wound 
exudate collection

Psoinos et al. 
(2009) [59]

1 female Baux: n.a.
Age: 8 months
BTBSA: 6%

4% tr: 100%
survived

None reported TNP prevents 
wound 
contamination in 
perianal areas, can 
be used for donor 
site coverage

TNP topical negative pressure, n.a. not available, sd standard deviation

Skin Graft Fixation in Severe Burns: Use of Topical Negative Pressure
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while one female with a Baux score of 127 how-
ever survived. There was no data available on 
take rates, but it was noted that all survivors could 
be discharged with completely healed wounds 
after a mean hospitalization time of 46.6  days 
[56]. The cohort of 37 patients described by 
Kamolz [9] received TNP dressings for at least 
25% grafted TBSA. Although Baux scores in this 
cohort were higher (mean 88.6, above 100  in 

eight patients) and treatment modalities did not 
differ significantly from those of Roka et al., hos-
pitalization time (46.6  days) and survival rate 
(97%) remained the same. Of 37 patients, 36 
could be discharged, and the skin graft take rate 
was 95% and above in all cases (Fig.  5) [9]. 
Notably, in neither study any TNP-related com-
plications such as severe wound site infections 
were described [9, 56].

Hoeller et al. [57] reviewed 60 pediatric burn 
patients who had received TNP for skin graft fixa-
tion. The mean burned TBSA was 4.5%, and chil-
dren of all age groups—infants (<24  months), 
toddlers/preschoolers (2–6  years), school-age 

Fig. 3  Boy treated with TNP dressings after skin graft-
ing. Donor sites were covered with biosynthetic dermal 
replacements

Fig. 4  Take rate is almost 100% in the same patient 
(Fig. 3) 5 days postsurgery

Fig. 5  Eighty-six-year-
old female with a 20% 
second-degree to 
third-degree burn to her 
trunk (Baux score 106). 
Good initial graft take 
after 4 days of TNP 
treatment resulted in 
completely healed 
wounds on day 7 
postsurgery

C. Smolle et al.
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children (6–13  years), and adolescents 
(>13 years)—were analyzed. With 3.5% the mean 
TNP-treated TBSA was comparably small. After 
a median TNP application time of 5  days, the 
mean take rate was 96%. It was found that smaller 
grafted TBSA resulted in better take rates. In con-
trast the amount of TNP-treated TBSA had no 
influence on take rates. Three major complica-
tions were noted. In two cases major bleeding 
occurred hours after TNP installation which led to 
termination of therapy. Take rate was 95% in both 
cases though. In one case a bigger part of the skin 
graft became necrotic leading to the worst take 
rate in the cohort of 70%. Minor alterations were 
observed in 17 cases, of which one was contami-
nation of a TNP system with stool after installa-
tion in the anogenital region. Nevertheless the 
mean take rate in this subgroup was 80%.

Psoinos et  al. [59] reported a case of an 
8-month-old female who sustained scalds aver-
aging 6% TBSA to her lower back and the but-
tocks. Four percent of the wound area, mainly 
located in the gluteal region, required excision 
and skin grafting. After 5 days of TNP treatment, 
take rate was 100%. In this case TNP application 
was found especially useful to avoid fecal con-
tamination of the grafted areas on the buttocks. 
Instead of the conventional foam dressing, gauze 
was used as wound filler material.

In another study with 12 patients, skin graft 
recipient sites as well as donor sites were covered 
with TNP dressings resulting in an average TNP-
treated TBSA of 35.1%. Average graft take rate 

was 97%, and all patients survived. Although this 
data was available only for four patients, the 
reported median epithelialization time of donor 
sites after TNP treatment was 11 days. No major 
side effects were described. However, one patient 
developed acute kidney injury during the course 
of TNP treatment [58].

12	 �Method of Application

After depth-adapted burn wound debridement, 
split-thickness skin grafting is performed. Mesh 
grafts are fixed to the wound surface with staples. 
When Meek grafts are used, the silken carrier 
sheets are tacked down accordingly [3]. The 
grafts are then covered with sterile fatty gauze or 
other non-adherent dressings such as soft silicone 
wound contact layer [55]. This is done to prevent 
adherence of the TNP foam to the skin graft. The 
sterile polyurethane TNP foam dressing is 
clipped in shape to fit the wound dimensions and 
placed atop the non-adherent dressing. Most 
manufacturers provide foam dressings of various 
sizes [58], and for coverage of the entire hand, 
also special TNP gloves are available (Fig. 2) [8]. 
The entire area is covered with the occlusive 
transparent drape that is usually provided with 
the foam. Alternatively any available occlusive 
drape can be used, like Opsite [49]. An opening is 
cut into the film for the suction tubing, and a con-
tinuous pressure between −75 and −125 mmHg 
is applied (Fig. 6).

Fig. 6  Sequence of 
TNP application. (1) 
After stapling the skin 
grafts to the wound site. 
(2) They are covered 
with non-adherent 
dressings, i.e., fatty 
gauze. (3) The foam 
dressing is applied and 
tacked down if 
necessary. (4) The whole 
area is sealed with 
occlusive drape, and 
suction is applied
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When large areas have to be covered or when 
the wound lies in a region of complex contour 
that is subject to repeated motion—such as the 
axilla, the groins, or the circumference of the 
arm—the foam is stapled to the wound surface 
(Fig. 7). If more than one foam piece is required 
to cover the wound, the individual foam pieces 
are connected to one another with staples.

Large TNP dressings or multiple wound sur-
faces may necessitate the use of more than one 
negative pressure pump [9, 56]. In some cases it 
may be feasible though to connect TNP dressings 
on wound sites that are separated by viable skin 
to one another with thin polyurethane foam strips. 
To prevent direct contact with the skin and conse-
quent maceration, the strips are wrapped up in 
occlusive drape. With this technique negative 
pressure can be distributed evenly to all wound 
sites, and resources can be saved [60].

When a tight seal cannot be achieved right 
away, it has proven useful to apply negative pres-
sure temporarily with surgical suction units 
before switching to the portable TNP device. 
This proceeding allows for investigation of the 
dressing for leakages and also effectively removes 
the first portion of wound exudate from the dress-
ing [9]. Some favor the technique of stapling the 
occlusive drape to the skin in the wound periph-
ery to guarantee its adherence in mobile body 
parts [58]. In most cases a sufficient seal can be 
achieved without this approach though [9].

Application of TNP dressings to the fingers, 
hands, toes, and feet can be difficult. Even with 
the usually very pliable occlusive drape, a tight 
seal may be hard to achieve in web spaces. When 

special TNP gloves are not readily available, a 
good method to overcome those difficulties is the 
“sterile glove technique.” Here a conventional 
sterile surgical glove is used instead of the occlu-
sive drape. After the foam dressing has been 
applied, the hand or foot is dressed with a sterile 
glove. In small defects a single tight-fitting glove 
often suffices to seal the dressing. In larger 
defects, the glove dressing may require comple-
tion with a piece of occlusive drape proximally. 
An opening for the TNP suction tubing is created 
as usual. When using this technique, the proximal 
rubber band of the glove should always be 
removed because it has been seen to cause pres-
sure marks. The fingertips of the glove can be cut 
off to monitor perfusion of the digits. When 
applied with care, this technique is very efficient, 
and strangulation of digits is unlikely. The method 
is, however, not recommended in patients with 
preexisting vascular diseases [61].

13	 �Additional Benefits of TNP 
for Skin Graft Fixation 
in Burns

The TNP foam becomes rigid when negative 
pressure is applied. In certain body parts, this 
makes an additional splint unnecessary because 
enough suspension is provided by the dressing. 
Burned hands can effectively be immobilized in 
the intrinsic plus position solely by using TNP 
gloves (Fig. 2) [8, 29].

Despite their splint-like effect, TNP dressings 
retain part of their flexibility also after negative 
pressure activation. This allows for active mobili-
zation of joints also during the early stages of ther-
apy [3]. Successful early mobilization with TNP 
dressings in place is possible in adults as well as in 
children [9, 55–57]. Especially in babies and tod-
dlers, where compliance cannot be expected and 
there is a high level of activity, mobilization can be 
allowed unscrupulous with TNP dressings holding 
the skin grafts firmly in place. Portable TNP 
devices furthermore give children who would nor-
mally be bed bound opportunity to play outside the 
bed [57]. In some cases it may be necessary to 
spare particular body regions from TNP application 

Fig. 7  Large TNP foam dressings are held in place with 
staples
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to facilitate mobilization. In circular burns to the 
lower limbs, sparing the popliteal fossa may 
increase the range of motion. To further soften the 
dressings, negative pressure can be reduced to 
−50 mmHg or turned off temporarily [58].

Because the TNP system removes blood and 
exudates from the wound surface and stores it in 
a container, a relatively clean dressing can be 
guaranteed for a longer period of time. As a result 
dressing changes are required less often. The 
dressing can be left in place from 4 up to 7 days 
[50, 56]. The fluid captured in the container also 
allows for indirect evaluation of the wound. A 
significant amount of blood in the container may 
indicate hemorrhage, and purulent fluid could be 
an early sign for wound infection [56].

Additionally, the fluid output of the TNP sys-
tem can be used as an orientation for fluid require-
ments. When wound healing progresses and the 
skin barrier is restored by reepithelialization 
emerging from the skin grafts, the amount of 
drainage fluid gradually decreases [55]. To esti-
mate total evaporative fluid loss, skin grafts as 
well as donor sites may be covered with TNP 
dressings. In general, the fluid output of grafted 
areas is smaller than that of conservatively man-
aged burn wounds or that of donor sites [8, 58].

TNP dressings are comparably expensive. In the 
long run, TNP may however have financial advan-
tages over conventional wound dressings. Since 
TNP dressings have to be changed less often, less 
analgesics, sedatives, and also qualified health-care 
personnel are needed [56]. Higher initial take rates 
also decrease the risk for complications as well as 
the need for re-grafting. Complications and fre-
quent reoperations go along with longer hospital-
ization times which in turn result in higher treatment 
costs [43, 47]. Consequently the higher costs of 
TNP therapy are likely to be compensated by better 
outcome [9, 56].

14	 �Discussion

With the use of TNP dressings as bolster, high 
skin graft take rates above 90% can be achieved 
in adults [9, 56, 58] as well as in children with 
severe burns [55, 57, 59]. Even in patients with 

Baux scores exceeding 100, high take rates can 
be achieved reliably [9, 56]. TNP dressings are 
especially useful for fixation of large skin grafts 
in body regions of inferior take rate, such as the 
gluteal region, the lower back, or the posterior 
aspect of the thorax [3]. There is no information 
available on the ideal duration of TNP applica-
tion. However, most authors reported application 
times between 4 and 6 days until the first dressing 
change with satisfactory results [9, 55–57].

Despite the vast evidence that TNP interferes 
actively with wound healing processes, no sig-
nificant side effects are known. In the treatment 
of burns, hardly any TNP-related complications 
have been described, and in all of them, a direct 
association to the wound dressings was question-
able. By and large the reported events did not 
affect the final outcome, and all complications 
could be salvaged [57, 58].

The studies on TNP application for skin graft 
fixation in burns lack a representative control 
group in all cases. Still, randomized controlled 
trials on TNP for skin graft fixation in wounds of 
different etiology showed the beneficial effects of 
TNP on take rates, even when the dressing had to 
be improvised [49]. Concerning the quality of 
data, objective methods for wound assessment 
were not used in most of the cases.

Two studies [9, 56] used specialized burn size 
assessment software (BurnCase 3D, RISC 
Software GmbH, Linz, Hagenberg, Austria [62]) 
for estimation of grafted TBSA as well as take 
rates and thus provided objective data.

Not only the healing of skin grafts but also 
take rates of dermal substitutes can be improved 
by using TNP. The use of TNP has been seen to 
allow for earlier skin grafting in substitutes 
requiring a two-step procedure, such as Integra®. 
This in turn reduced the length of hospital stay 
and should on the long run decrease the risk for 
complications due to faster wound healing [63].

Currently TNP gauze dressings experience a 
revival with wound healing results similar to those 
of the usual foam dressings [59, 64]. Gauze dress-
ings use smaller negative pressures of about 
−80 mmHg. In surgical wounds of different etiol-
ogy, TNP gauze dressings produce an overall vol-
ume reduction of 15.1% per week—a value 
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comparable to that of the foam alternative [64]. 
There is also evidence that gauze dressings 
produce less pain and discomfort around the 
wound site than foam dressings [65]. This makes 
TNP gauze a user-friendly alternative to foam 
dressings worthwhile considering. With regard to 
burns, TNP gauze dressings have been applied for 
skin graft fixation with good success in a pediatric 
burn patient [59]. It remains to be seen how TNP 
gauze will impact future burn wound manage-
ment. First results are encouraging though.

�Conclusions

TNP dressings can be used for skin graft fixa-
tion to reliably achieve take rates above 90% in 
severe burns. The application rarely leads to 
complications, and reported adverse events are 
manageable. Additional benefits of TNP com-
prise a splinting effect in extremity burns, a 
reduced need for dressing changes, the possi-
bility of early mobilization without the risk of 
graft shear, and a good acceptance by patients.
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