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ABSTRACT

Negative pressure wound therapy (NPWT) is meanwhile since
about 20 years a standard procedure in classical wound care.
Especially in wound ground conditioning of chronic wounds
NPWT has an important status. In the last years, NPWT was
more and more used in the fixation and postoperative wound
management of skin grafts. The current review addresses the
available data and evidence and demonstrates the possible use
of the procedure.

ZUSAMMENFASSUNG

Die Vakuumversiegelung (VS) ist eine seit circa 20 Jahren in
der klassischen Wundversorgung nicht mehr wegzudenkende
Therapieoption. Insbesondere im Bereich der Wundgrund-
konditionierung von chronischen Wunden nimmt sie einen
wichtigen Stellenwert ein. In den letzten Jahren wird die Vaku-
umversiegelung auch zur Fixierung und dem postoperativen
Wundmanagement nach Hauttransplantation immer haufiger
eingesetzt. Die vorliegende Ubersichtsarbeit beschiftigt sich
mit den Daten und Evidenzen eines solche Vorgehens und zeigt
Moglichkeiten der Nutzung auf.

Introduction

The treatment of complex skin wounds - whether acute or chron-
ic - has always been a medical challenge. In addition to causal
therapy, the focus of modern wound management is on wound
care that is appropriate to the stage of the wound [17]. The use of
split-thickness skin grafts (STSG) is one of the standard treatment
procedures and enables rapid and effective closure. For graft take,
it is essential that shear forces, subgraft seromas, haematomas as
well as infections are averted in the first 3-5 days. The classic way
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to secure grafts is with a tie-over (bolster) dressing with a perfo-
rated wound contact layer. However, the distribution of pressure is
generally uneven and the dressing’s ability to absorb wound exu-
date is limited, especially with large wounds [6]. Apposition to very
large, uneven or mobile wound surfaces using a conventional dress-
ing can be difficult and leads to lower rates of graft take [23, 25].
Postoperative negative pressure wound therapy (NPWT) appears
to circumvent the disadvantages of the conventional dressing. Se-
cure, uniform and flexible fixation - even in problem regions - un-
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doubtedly plays a crucial role in an effective management of exu-
date and a moist wound environment [23]. For these reasons, post-
operative NPWT is being increasingly used nowadays. Despite the
subjective improvement in rates of graft take, the evidence about
this technique is, however, still limited.

Mechanism of action of NPWT

NPWT, or vacuum-assisted closure, was first developed in 1997
by Argenta and Morykwas and has since become a standardized,
commercially available system [1]. The mechanism of action has
yet to be fully elucidated and remains a field of basic research, but
two important basic principles appear to play a key role. On the
one hand, there is macro deformation of the wound through trac-
tion exerted in a centripetal direction on the wound edges, which
in combination with the applied suction also leads to a reduction
in edema. Papers by Morykwas et al. showed that NPWT there-
by increases tissue blood flow [19]. In contrast, Kairinos et al. and
Wackenfors et al. reported a transient decrease in perfusion that
subsequently led to increased angiogenesis and cell proliferation
[10, 24]. Activation of the hypoxia-induced factor 1a (HIF1a) signal-
ling pathway is presumed to occur. In addition to macro deforma-
tion, the interaction between the open-pored polyurethane foam
and the wound probably plays a decisive role. This micro deforma-
tion leads to a stretching of the cells that has been demonstrated
to increase the cell proliferation rate [5]. In addition, the forma-
tion of important granulation-promoting cytokines such as VEGF,
bFGF orll-8 isincreased [10, 16]. Collagen production and cell mi-
gration are also induced [9]. The latest data show that NPWT leads
to the accumulation of circulating fibrocytes in wounds as well [4].
This paper demonstrates that the NPWT can additionally induce a
systemic effect.

Other essential factors that contribute to an optimum wound
environment are the moist surroundings with the simultaneous
removal of excessive wound secretions, which often even contain
factors that inhibit wound healing such as matrix metalloprotein-
ases, as well as a constant wound temperature. In addition, some
authors have postulated a reduction in the bacterial load of the
wound. Thus, Wang et al. showed a relevant reduction in Pseudo-
monas aeruginosa under NPWT [7]. Li et al. reported similar results
in respect of Staphylococcus aureus [14].

NWPT procedure after split-thickness skin
grafting

The first study on the use of NWPT in more than 100 chronic
wounds was published by Schneider et al. in 1998 [22]. This was the
first time that the method and the procedure were fully described.
More detailed analyses of the patient data were not performed, but
it was merely stated that graft failure occurred in only two patients.
The procedure described in the paper is — with individual modifica-
tions - still practiced today (> Fig. 1a-> Fig. 1e). NPWT can consid-
erably simplify the securing of the split-thickness skin graft, espe-
cially in difficult locations (e. g. in the area of joints, genital/ingui-
nal/axillary region) and can also safely protect the wound surface
from contamination (> Fig. 2a-»> Fig. 2f). In the various papers the
suction applied was between 75-125 mmHg. A thin silicon wound
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contact layeris recommended between foam and graft (> Fig. 2d).
The vacuum-assisted closure remains in place for 5 days (3-7 days)
and the functioning system does not need to be changed during
this period. Because the wound edges are readily visible, wound in-
fections can be immediately detected. In this case, NWPT must be
ended and treatment switched to classic dressings.

Controlled randomized studies

Unfortunately, there are only very few published studies on this
method. The majority are not controlled or randomized and most
are only retrospective. Nevertheless, there are some papers that
provide very good evidence that the treatment is effective.

The first randomized, controlled study that investigated the
comparison between NPWT and a standard bolster dressing, was
published by Moisidis et al. in 2004 [18]. A total of 20 patients were
included and an intra-individual comparison was used, in which half
of the skin defect was treated with a classic dressing and the other
half treated by NPWT. Overall, the defects did not differ in terms of
quantitative rates of graft take, but NPWT achieved a significant-
ly better outcome in the quality of the successful grafts. Although
this was an interesting design, it is questionable whether the two
parts of the wound could really be considered independently from
each other, since even from a distance of 2-3 cm, the NPWT is
known to affect the microcirculation, and systemic factors such as
the mobilisation of circulating fibrocytes under NPWT also play a
role in wound healing.

To date, the study of Llanos et al. is the best and most compre-
hensive prospective, randomized and controlled study [15]. 60 pa-
tients divided into two groups — one NPWT and one control group
treated with a dressing alone without suction — were investigated.
The authors showed significantly smaller areas of skin graft loss in
the NPWT group than in the control group. In addition, the time
from grafting to discharge was reduced from an average of 12 to
8 days. Regrafting was needed in 12 (40 %) patients in the control
group, butonlyin 5 (17 %) in the NPWT group. Interestingly, there
was a direct correlation in the control group between the size of the
grafted area and the probability of graft loss, where no such rela-
tionship was present in the NPWT group. This might be due to the
considerably better and more even fixation over the wound surface
with NPWT, which is more difficult to ensure for large wound areas
with the conventional dressing.

Similar data to that obtained by Llanos were reported from an-
other randomized, prospective, controlled study by Petkar et al.,
whichincluded 21 burninjury patients in the NPWT group and 19in
the control group [20]. Again, a significantly better graft take rate
of 97 % versus 88 % (NPWT versus control) was achieved and the
time to complete removal of the dressing could be reduced from
11 days in the control group to 8 days in the NPWT group.

Although a more recent RCT by Hsiao et al. with a total of 28
patients (14 in each group) was unable to show a significant differ-
ence in graft take, the patients suffered significantly less pain (on
average up to 4 points on the visual analogue scale) under NPWT
[8]. The patients were also significantly more satisfied with the
treatment and outcome compared to the standard dressing. The
less severe pain and considerably higher mobility that is possible
under NPWT undoubtedly contributed to this assessment. The in-
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»Fig.1 Negative pressure wound therapy of a split-thickness skin graft after ulcer shaving in the area of the lower leg. a Preoperative venous leg
ulcer; b After ulcer shaving; c Split-thickness skin graft secured with a few fixation sutures; d Fixation of the graft using vacuum-assisted closure;

e Following removal of the vacuum-assisted closure after 5 days.

creased mobility in particular should not be underestimated, since
it means that not only patient satisfaction and independence can
be maintained, but also an active thrombosis prophylaxis can be
undertaken at the same time.

Another up-to-date investigation from New Zealand exam-
ined the effects of NPWT on increased mobility and hence the
earlier possible discharge of patients in a randomized controlled
study [11]. All the 49 patients enrolled in the study had received a
split-thickness skin graftin the region of the lower limb. One group
of 28 patients received NPWT and were discharged on the same
day; the second group (21 patients) received a bolster dressing and
were immobilized in hospital, in the traditional manner, for 5 days.
The outpatient care of the patients given NPWT led to an average
halving of costs, with the same clinical outcome.

Retrospective case series

In addition to the randomized controlled studies, the literature
also contains a large number of retrospective case series of differ-
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ing quality. The most important series with more than 20 patients
is discussed below.

The largest study was undertaken by Blume et al. in 142 patients
who had undergone surgery in the foot and ankle region [2]. 87
patients were assigned to the NPWT group and 55 to the control
group who received a traditional bolster dressing. The graft take
rate of 96 % in the NPWT group was significantly better than the
83 % in the control group. Furthermore, there were fewer complica-
tions such as seroma, haematoma or wound infections under NPWT
(3% versus 16 %). On the other hand, the hospitalisation times of
patients in the two groups did not differ significantly.

The retrospective study of Kérber et al. investigated 74 mesh
grafts in 54 patients with chronic leg ulcers [13]. 28 of the grafts
were managed with NPWT, 46 with the standard dressing tech-
nique. The rate of graft take in the NPWT patients was 93 % and
67 % in the control group. These results suggest that NPWT ap-
pears to be particularly superior to the standard dressing technique
in chronic, poorly-healing wounds and is thus especially suitable
for problem wounds.
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»Fig.2 Negative pressure wound therapy of a split-thickness skin graft in an asymmetric and mobile region after excision of an axillary hidrade-
nitis suppurativa. a Excision defect of the left axilla; b After 7 days of vacuum-assisted closure prior to grafting; c Split-thickness skin graft secured
with a few fixation sutures; d Silicon separation mesh between graft and foam; e Vacuum-assisted closure over the graft; f After 5 days of nega-

tive pressure wound therapy.

Carson et al. studied 50 patients with chronic wounds of vari-
ous causes [3]. A control group was not evaluated. All patients had
been treated prior to the split-thickness skin graft with NPWT to
induce granulation, then grafted and given NPWT postoperative-
ly. Graft take was 100 %.

Scherer et al. studied 34 patients with split-thickness skin grafts
and postoperative NPWT with various types of defect [21]. 27 pa-
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tients given bolster dressings were used as the control group. A su-
periority of NPWT was also shown in this study, as demonstrated by
the fact that regrafting was necessary in only 3 % of patients given
NPWT, compared to a repeat operation in 19 % of the control group.
There were no differences between the two groups with regard to
the length of hospital stay or the percentage area of graft take.
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Studies on NPWT in combination
with a dermal substitute and split-thickness
skin grafting

Dermal substitutes (bilayers of artificial skin) such as Integra® or
AlloDerm® are increasingly used for exposed tendons, very deep
defects or at sites where excessive contraction must be avoided. To
enable rapid covering, dermal substitutes and split-thickness skin
are often grafted together in a single operation.

In a prospective, controlled study, Kim et al. investigated wheth-
er the percentage of graft take, the time to complete healing and
the number of dressing changes required, were better in the NPWT
group [12]. A total of 47 patients were studied, 37in the NPWT
group and 10in the control group. Graft take rates after 5 days
in the NPWT and control groups were 98 % and 84 % respectively.
Complete healing was observed after an average of 5.8 days in the
NPWT patients and after 8.9 days in the controls. Apart from final
dressing removal, no extra dressing change was necessary with
NPWT, whereas an average of three dressing changes were required
in the control group. This study is the first to show that a combi-
nation of dermal substitute, split-thickness skin graft and NPWT
is not only possible, but also leads to very good rates of graft take.

Conclusion

Evidence for the use of postoperative NPWT after spit-skin grafting
is overall still very limited, even if a recently published meta-analy-
sis of the available data by Yin et al. showed that the rates of graft
take are significantly improved and that fewer re-operations take
place [26]. Nevertheless, even larger and well-conducted random-
ized, prospective, controlled studies are needed to enable final con-
clusions to be drawn and the considerably higher costs of the inpa-
tient setting to be justified. Hence it is certainly not the case that
every uncomplicated split-thickness skin graft with a well-perfused
wound bed has to be treated with NPWT. However, postoperative
NPWT should definitely be considered for chronic wounds, poor-
ly-healing wound beds, haemodynamically-impaired local factors,
as well asin highly mobile regions. The significantly better ability to
mobilise patients can also offer a great advantage for the patient’s
general situation and also reduce the risk of thrombosis.
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