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Summary: In a randomized, prospective, clinical trial the applicability of a vacuum therapy system was evaluated at the ventral abdomen
in 50 horses with laparotomy due to acute abdominal pain. The effects on the incidence of wound healing complications after ventral medi-
an laparotomy in horses with acute abdominal pain is described. The horses were allocated to the treatment or control group after lapa-
rotomy and equipped with a wound dressing and a vacuum (125 mmHg) or with the wound dressing alone. Relevant parameters were col-
lected preoperatively, intraoperatively, six consecutive days postoperatively, and three and eight weeks after surgery. Pre-, intra- and post-
operative parameters were not significantly different between the groups. Nine horses (36%) in the treatment group and four horses
(16%) in the control group developed a wound healing complication. This difference was not statistically significant and neither were the
differences in oedema formation and the occurrence of dehiscence. No significant differences concerning exudation, oedema or dehiscen-
ce were found between the groups three and eight weeks after surgery. Overall, the vacuum system used in this study is an easy to apply
system for general use at the ventral abdomen of the horse, with good toleration by the patients. The results indicate that the use of vacuum
therapy for primary closed wounds after median laparotomy has no beneficial effect on wound healing.
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Introduction

Negative pressure wound therapy (NPWT), also called nega-
tive pressure therapy (NPT) or vacuum-assisted closure
(VAC®, KCI Medizinprodukte GmbH, Wiesbaden, Germany)
was infroduced in human medicine in 1997 and has become
an integral component in managing various types of open
and chronic wounds often associated with loss of tissue
(Argenta and Morykwas 1997, Blackham et al. 2013, Mory-
was et al. 1997).

Two primary mechanisms of action have been suggested for
the effect of NPWT on this type of wounds. Firstly, the vacuum
applied evacuates the potential death space of the wound
and facilitates exudate removal (Banwell 1999). Exudate
egress results in an interstitial fluid gradient shift (Morykwas et
al. 1997) with various positive effects: reduction of oedema
via the removal of proinflammatory mediators, secondary
increase of dermal perfusion and removal of wound debris
(Banwell and Musgrave 2004). The second primary effect of
NPWT is mechanical stress resulting in microdeformation of
the wound surface, contraction of the surrounding skin and
the release of growth factors, thereby increasing cell prolife-
ration (Saxena et al. 2004).

Some authors recently reported the successful usage of
NPWT on closed surgical incisions in high-risk orthopaedic
surgeries and post-sternotomy patients (Atkins et al. 2009,
Gomoll et al. 2006, Reddix at al. 2009, Stannard et al.
2006, Stannard et al. 2009). The incidence of wound com-
plications after laparotomy in high-risk oncology patients was
significantly lower for patients treated with NPWT (6.7 vs.
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19.5%; Blackham et al. 2013). The overall risk of wound
complications after abdominal wall reconstruction was 22 %
in the vacuum group compared to 63.6% in the control
group, and the rates of skin dehiscence were 9 and 39%,
respectively (Condé-Green et al. 2013). A potential reason
for the effectiveness of NPWT on closed primary incisions
beyond the above mentioned mechanisms could be bolste-
ring of the incision line and thereby reduction of shearing for-
ces. An in vitro study using finite element analysis and a
benchtop model showed that the lateral tension at the suture
line was decreased by 50% and the lines of tension were nor-
malized to preincisional levels after application of topical
negative pressure. The authors concluded that application of
a vacuum system to primary closed incisions could reduce
distracting and prevent shearing forces, thereby acting as a
splint to the incisional margins (Wilkes et al. 2012).

Wound healing complications are a common problem after
ventral median laparotomy in horses and the incidence des-
cribed varies between 7.4 and 37 % in different studies (Free-
man et al. 2000, Honnas and Cohen 1997, Kobluk et al.
1989, Mair and Smith 2005, Phillips and Walmsley 1993,
Proudman et al. 2002). The use of vacuum therapy in horses
has been reported for treatment of a chronic neck wound and
improvement of skin graft acceptance (Gemeinhardt and
Molnar2005, Jordana et al. 2011, Rijkenhuizen et al. 2005).
A more recent report described the successful use of vacuum
therapy for the treatment of a septic arthritis of the carpus
(Rettig and Lischer 2015). To the best of our knowledge, the
use of NPWT at the ventral abdomen or for the treatment of
primary closed wounds has not been described in horses.
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The object of this study was to evaluate the applicability of a
NPWT system at the ventral abdomen of the horse and to
describe its effect on the likelihood of wound healing compli-
cations after ventral median laparotomy in horses with acute
abdominal pain. It was hypothesized that the use of NPWT
would decrease the frequency of wound healing complica-
tions after exploratory laparotomy.

Material and Methods

Fifty horses were included in the study. Inclusion criteria were
that horses underwent exploratory laparotomy due to acute
abdominal pain through ventral midline coeliotomy at the
Equine Clinic of the University of Veterinary Medicine in Han-
nover. Horses had to be older than one year of age due to
the potential difficulties of attaching the vacuum system to
very young horses. Recovery from surgery and survival for a
six-day postoperative period were also mandatory.

All horses were prepared for surgery in the same manner. The
hair was clipped immediately preoperatively and the ventral
abdomen was aseptically prepared with chlorhexidine (Hibis-
crub, Mélnlycke Health Care GmbH, Erkrath-Unterfeldhaus,
Germany) and sterile saline solution. Wound closure was per-
formed in two layers. The abdominal wall was sutured in a
simple continuous pattern with a size 6 USP Polyglactin 910
(Vicryl, Johnson & Johnson Medical GmbH Ethicon, Norder-
stedt, Germany) and the skin was closed in a simple continu-
ous suture pattern with a size 2/0 USP Polyglactin 910 (Vicryl,
Johnson & Johnson Medical GmbH Ethicon, Norderstedt,
Germany). For recovery, the incisional wound was covered
with sterile gauze and an adhesive drape, which was a trans-
parent and breathable polyurethane film (Opsite*Incise®,
Smith and Nephew GmbH, Hamburg, Germany). This wound
coverage was removed after recovery when the horses were
standing safely. The skin around the incision line was cleaned
with alcohol (Softasept®N, B. Braun Melsungen AG, Melsun-
gen, Germany).

After recovery, the horses were divided into four groups as fol-
lows: ponies, horses 1-10 years, horses 11-20 years and
horses >20 years. The horses within each group were than
allocated to either the treatment or the control group in an
alternating manner. This procedure was chosen to minimize
any potential effect of time of year on treatment or pony

breed.

In the treatment group, the wounds were covered with a sil-
ver-impregnated wound dressing, including a sponge for
vacuum application (Prevena™ Customizable™ Incision
Management System, KCI Medizinprodukte GmbH, Wiesba-
den, Germany) (Fig. 1). This sponge was then covered with
an air- and water-impermeable adhesive drape and a suction
tube was attached onto the sponge over a small hole cut into
the drape at this position. Adhesive spray (Adhdsiv-Sprihkle-
ber WDT®, Wirtschaftsgenossenschaft deutscher Tierédrzte
e.G., Garbsen, Germany) was used around the incision to
improve the fixation of the drape. The tube was then connec-
ted to a vacuum pump (Acti-V.A.C®, KC| Medizinprodukte
GmbH, Wiesbaden, Germany) (Fig.2) that maintained a con-
tinuous negative pressure of 125mmHg. The vacuum system
consisted of a pump with an integrated battery and touch
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screen for control. A fluid collection tank was attached to the
pump and this sefting was attached to the neck of the horse
in a product-specific carrying bag. During vacuum applica-
tion the horses were observed for adverse reactions, e. g. kik-
king, putting on ears, waving the tail or biting. In the control
group, the wound was covered with the identical silver-
impregnated wound dressing with the sponge removed

Abb. 1 Prevena™ Incision Management System at the ventral
abdomen of the horse after application of vacuum. | Prevena™
Incision Management System am ventralen Abdomen eines Pferd
nach Anlegen des Vakuums

Fig. 1 Portable, battery-based vacuum pump attached with a bag
around the horse’s neck | Tragbare, batteriebetriebene Vakuum-
pumpe, fixiert am Hals des Pferdes

Fig. 3  Prevena™ Incision Management System: a) polyurethane
foam at the far side of the wound, b) foam removed for better fixation
in the control group and c) silver-impregnated webbing facing the
wound.

Prevena™ Incision Management System: a) Polyurethan Schwamm
der Wundauflage b) Wundauflage mit entferntem Schwamm zur ver-
besserten Fixation in der Kontrollgruppe c) Silber-imprégniertes
Gewebe, Wundkontaktfléche
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(Fig. 3), and covered with an adhesive drape (Opsite*Incise®,

Smith and Nephew GmbH, Hamburg, Germany). Sedation
and/or a nose twitch for application or removal of wound
dressings were used per judgement of the attending veterina-
rian. Two people were necessary for wound dressing applica-
tion in both groups.

Data were recorded as follows at different time points: preo-
peratively, intfraoperatively, for six consecutive days postope-
ratively, and three and eight weeks after surgery via telephone
interview. Preoperative recorded parameters were age,
weight, heart rate, duration of colic, degree of visceral pain
in a range from 0 to 3 (0 =no pain, 1=anorexia, flehming,
2 =pawing, lying down, 3 =rolling, sweating), and various
haematological parameters (packed cell volume, white blood
cell count and blood lactate). Intraoperative variables inclu-
ded duration of general anaesthesia, incisional length, pri-
mary lesion and performance of an enterotomy or an intesti-
nal resection. Four procedure groups were defined, consi-
sting of large intestinal procedures with or without enterotomy
(LIE, L) and small intestinal procedures with or without resec-
tion (SIR, Sl). For the first 6 consecutive postoperative days,
heart rate, temperature and white blood cell count (if availa-
ble) were recorded. The layer thickness of the collateral oede-
ma formation around the incision was estimated at the lateral
edge of the oedema, scaled from O to 3 (0=no oedema,
1=1-2cm thickness, 2=2-5cm thickness, 3=>5cm thik-
kness), and daily recorded for the first 6 consecutive postope-
rative days.

The wound dressing in both groups was left in place for the
six-day period. If the incisional coverage of the control group
became insufficient or a leakage of a vacuum system of the
treatment group occurred, the wound dressing was renewed.
The complete wound dressing was removed at day six and the
incision was inspected. The amount of exudation was estima-
ted and graded from 0 to 3 (0 =no exudation, 1=<5ml,
2=6-15ml, 3=>15ml) and skin dehiscence was graded
from 0 to 3 (0 =no dehiscence, 1= partial length of the sutu-
re and >1cm width, 2 = partial length and >1cm width or
full length and <1cm width, and 3 =full length and >1cm
width). The incision continued to be evaluated every day for
horses that were hospitalized longer than six days. Amount
and character of wound exudate was recorded at day 6.

The owners were contacted via telephone three and eight
weeks after surgery and the occurrence of incisional draina-
ge, development of oedema and presence of skin dehiscence
were recorded.

Statistical analysis

Quantitative data were checked for normal distribution using
Shapiro Wilk test and visual assessment of QQ plots of model
residuals. Due to the rejection of the normal distribution
assumption the analysis of quantitative data was carried out
with nonparametric tests. Wilcoxon-2-sample test was used
for comparison of two independent samples. The develop-
ment within the groups over the six day time period was cal-
culated with Permutation test for random complete block
design (repeated measurements, according to an exact Fried-
man test) with post-hoc sidak-test for multiple pairwise com-
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parisons, concerning the comparison wise and the experi-
ment wise error-rate. Because of increasing of beta-error and
loss of significant information, only results concerning com-
parison wise error-rate were depicted. Categorical data was
analyzed by test Fischer exact test. Probability values < 0.05
were considered to be statistically significant. Statistical ana-
lysis was performed using computerized statistical software
SAS v9.3 (SAS Institute Cary, NC, USA)

Results

Of the 50 horses, 11 were allocated to group 1 (ponies), 22
to group 2 (1-10 years), 14 to group 3 (11-20 years) and 3
horses were older than 20 (group 4). One horse for the tre-
atment group was euthanized at day five and was excluded
from the statistical analysis. One horse of the treatment group
(day 9) and one horse of the control group (day 7) were
euthanized after day six and, therefore, the follow-up data
was incomplete.

Wound coverage for recovery did not slip and removal was
tolerated well without any adverse reactions in all 50 horses.
Attachment of the vacuum pump to the neck was well tolera-
ted by all 25 animals of the treatment group. The initial appli-
cation of the NPWT wound dressing to the ventral abdomen
of the standing horse was easy to perform and was tolerated
well. The application of 125mmHg Vacuum did not cause
noticeable adverse reactions in any of the horses. Vacuum
could not be established at initial application of the system
and the wound dressing had to be replaced in 2 of the 25
horses in the treatment group. During the six-day postopera-
tive period of the study a total of three dressings had to be
replaced in the treatment group due to leakage and loss of
vacuum. Also in these three patients no adverse reaction was
observed. In all other horses the vacuum could be kept stable
and functioned reliably throughout the six-day treatment peri-
od except for the short-period of battery (approximately twice
a day) or fluid-collection tank exchange. The wound dressing
had to be replaced in seven horses of the control group
because of a deficit of adequate attachment. This was also
possible without sedation. For final removal of the wound
dressing in both groups nose twitch (five horses) and/or seda-
tion (two horses) were necessary for the safe removal in some
patients.

Pre- and inftraoperative parameters recorded were not signifi-
cantly different between the treatment and control groups and
no differences were noted among each of the four groups wit-
hin the treatment and the control group (Tab. 1). In addition,
the values measured for heart rate, temperature, white blood
cell count and oedema formation in the six postoperative
days were not significantly different between the groups at any
time point. There was a significant drop in the heart rate after
day 1 in both treatment and control groups. The temperature
showed no significant changes within the groups throughout
the study. The oedema increased significantly between day 2
and 4 in all animals.

Nine horses in the treatment group (36 %) and four horses in
the control group (16%) developed incisional drainage. The
latter occurred on day 6.5 (SD=1.13) and on day 7.5
(SD=1.73), respectively. The median score of the drainage
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was 1.7 (1: n=4, 2: n=3, 3: n=2) in the treatment group
and 1 (1: n=4) in the control group (Tab. 2).

The type of surgical procedure was relatively evenly distribu-
ted within the groups and had no significant influence on the
occurrence of wound healing complications (Tab. 3).

In twenty-one horses of the treatment group fluid was accu-
mulated in the collection tank. In 18 horses the volume of flu-
id was between 25 and 50ml and of water-like character. In
3 horses it was between 100 and 250 ml and of serosangui-
nous character. Those 3 horses had a clinical apparent
wound healing complication after removal of the wound
dressing. In the horses of the control group no fluid accumu-
lation was seen beneath the drape.

No significance was found between the groups regarding
oedema formation, exudation and dehiscence formation at
the telephone interviews three weeks after surgery. Owners
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reported that 56% (n=14) of the horses of the treatment
group and 52% (n=13) of the horses of the control group
had mild oedema formation. Five horses in the treatment
group had ongoing exudation, whereas three horses of the
control group showed persisting exudation. Skin dehiscence
was still present in one of the two horses of the treatment

group and was not present in any horse of the control group
(Tab. 2).

Remaining oedema was reported in three horses of the treat-
ment group and two horses of the control group after eight
weeks. Exudation persisted in two horses of the treatment
group and one of these showed a small skin dehiscence that
was not present at three weeks or before. In this horse, skin
closure was achieved within six days after wound debridement
and removal of necrofic tissue with suture residuals. No sig-
nificant differences between treatment and control group
were detected at three and eight weeks after surgery for these
three parameters.

Table 1 Pre- and intraoperative data (mean + standard deviation (£)), HR = heart rate, PCV = packed cell volume, WBC = white blood cell
count | Prd- und intraoperative Daten (Mittelwert+ Standartabweichung(=+)), HR=Herzferquenz, PCV= Hématokrit, WBC= Leukozytengehalt im
Blut
Treatment Control
preOP Mean SD Mean SD
Age (y) 12.7 + 6.3 11.5 + 8.6
Weight (kg) 498.9 +124.2 487.8 +161.3
Duration of colic (h) 10.5 + 9.1 15.0 + 13.4
Painscore (0 - 3) 1.8 +0.8 1.7 + 0.9
HR (bpm) 63.1 +13.2 63.7 +19.8
PCV (%) 40.5 + 4.6 41.3 +7.9
WBC (10°/ul) 9.9 + 4.4 9.7 + 3.7
Lactate (mmol/l) 2.1 +1.3 2.73 = 2.3
intraOP
Length of incision (cm) 23.4 + 3.6 23.6 + 3.9
Duration (min) 131.2 + 35.0 147.2 +50.5
Oxygenation (PO, mmHg) 126.2 + 958 152.1 +130.9
Table 2  Oedema score: (0=no oedema, 1=1-2cm thickness, 2=2-5cm thickness, 3=>5cm thickness), exudation score (0=no exudation,
1=<5ml, 2=6-15ml, 3=>15ml), skin dehiscence score (0=no dehiscence, 1 =partial length of the suture and >1cm width, 2=partial length and

>1cm width or full length and <1cm width, 3=full length and >1cm width.

Odemscore: (0=Kein Odem, 1=1-2cm Dicke, 2=2-5cm Dicke, 3=>5cm Dicke), Exsudationsscore (0=Keine Exsudation, 1=<5ml, 2=6-15ml,
3=2>15ml), Dehiszenzscore (0=Keine Dehiszenz, 1=Teillénge der Naht und <lcm Breite, 2=Teilléinge und >1cm Breite oder ganze Lénge der
Naht und < 1cm Breite, 3=Ganze Lénge der Naht >1cm Breite

Oedema Exudation Dehiscense
Treatment Control Treatment Control Treatment Control

Number (horses) 22 24 9 4 2 1
Day of max. mean score/ occurrence 6 6 6.5 7.5 6.5 11
Max. mean score 1.54 1.5 1.78 1 1.5 2
3 Weeks

n (horses) 16 11 5 3 1

mean score 1 1.09 1.2 1 2
8 Weeks

n (horses) 3 2 2 0 1

mean score 1 1 1 0 1
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Table 3 Distribution of the surgical procedures between the groups,
LI=large intestinal procedure without enterotomy, LIE=large intestinal
procedure with enterotomy, Sl=small intestinal procedure without
resection and SIR=small intestinal procedure with resection. |
Verteilung der erkrankten Darmteile/ chirurgischen Mafinahmen
innerhalb der Gruppen, LI=Dickdarmerkrankung, keine Enferotomie,
LIE=Dickdarmerkrankung , Enterotomie, SI=Dinndarmerkrankung,
keine Resektion, SIR=Dinndarmerkrankung, Resektion

Procedure
Group u LIE S| SIR
Treatment 3 15 3 4
Control 3 14 2 6

Discussion

Initially the NPWT system was easy to apply to the ventral
abdomen of the standing horse. The horses were still mode-
rately sedated from general anaesthesia during the removal
of the wound coverage for recovery and the application of the
NPWT system, which certainly had a positive effect on their
compliance. In those cases in which the wound dressing had
to be renewed during the study, the application was possible
without sedation in both groups. If this fact was based on the
previous loosening of the wound dressing or if those horses
accidentally had a high compliance remains unclear.

Final removal of the wound dressing was more problematic,
because the adhesive drape and the adhesive parts of the
dressings (especially the adhesive gel stripes) of both groups
stuck intensively to the skin. Potentially the use of adhesive
spray caused an excessive adhesion of the drape to skin and
thereby pain when removing it. On the other hand a fast and
strong fixation was necessary to overcome gravity when
applying the drape at the ventral abdomen, which is essential
for uncomplicated installation and function of the whole
system.

The initial establishment of the vacuum in human medicine
has been reported to be potentially uncomfortable or even
painful, and the increase in pain was proportional to the
increasing negative pressure when the system was applied to
the forearm (Timmers et al. 2005). No adverse reactions
were observed in any of the horses in this study. This differen-
ce could be explained by the fact that the horses were still
sedated from anaesthesia and under the influence of analge-
sic medication at the initial application of the NPWT system.
The reason why the three horses in which the NPWT dressing
and therefore the vacuum had to be renewed during the six
days study period showed no adverse reaction either remains
speculative. A larger group of patients would be necessary to
specify whether a high individual compliance or a generally
higher tolerance of vacuum induced pain in the horse is
responsible for this finding. The use of 125mmHg negative
pressure during the therapy has been recommended in the
international consensus statement for the use of vacuum the-
rapy in human medicine (Birke-Sorensen et al. 2011). At this
pressure, positive effects predominate over potential detri-
mental effects. The duration of therapy for NPWT varies in
human medicine between four and five days (Blackham et al.
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2013, Condé-Green et al. 2013) and one week (Stannard et
al. 2012). The ideal duration of treatment for NPWT in horses
is not known. In this study, the duration of vacuum treatment
was determined at six days, because this considers the expe-
rience of human medicine and the reported occurrence of
wound complications after ventral median laparotomy in hor-
ses around day seven postoperatively (Coomer et al. 2007).

The vacuum pump is equipped with a fault alarm for occur-
rence of leakage and thereby leakage was recognised relia-
bly and immediately via an acoustic signal. Leakage occurred
immediately after initial application in two of the first seven
cases of the treatment group and, thereby, there was an inab-
ility to establish the vacuum. The dressings had to be comple-
tely changed to solve leakage. The subsequent applications
in the treatment group each worked at the first attempt. There
was a learning curve regarding the use of the system and,
subjectively, the time needed for application decreased
during the course of the study. An estimated time of 20 minu-
tes and two people were needed for the application of the
wound dressing and vacuum pump which entailed a higher
workload for the staff involved. Once the vacuum was app-
lied successfully, it was maintained reliably by the pump.
During the six-day treatment period, only three wound dres-
sings had to be renewed in the treatment group compared to
seven dressings in the control group, indicating that the vacu-
um may help to secure the wound dressing. Since every chan-
ge of a wound dressing is a potential source of contamination
and potential wound infection, the constant seal of the inci-
sion during the period should be an advantage of the vacu-
um therapy. On the other hand, every necessary change of
the wound dressing used for the vacuum system has approxi-
mately three to four times higher costs than the standard
wound coverage (sterile gauze and adhesive drape).

According fo recommendations in human medicine (Stannard
et al. 2009), the application of the wound dressing and the
vacuum system should ideally be performed directly after sur-
gery when the surgical field is still aseptic. In this study, the
vacuum system was applied after the horse’s recovery. Ali-
hough it did not occur, slipping of the wound dressing and
consequent contamination of the incision line during recovery
was theoretically possible. Applying the system with the horses
standing was chosen considering the increased risk of dama-
ge to the vacuum pump and detachment of the wound dres-
sing during recovery. Application of the wound dressing
during anaesthesia without a vacuum and protection of the
wound dressing by an abdominal bandage for the recovery
period with subsequent installation of the vacuum in the stan-
ding horse could be an alternative solution to avoid possible
slipping of the wound dressing and maintain the — at best —
aseptic condition at the incision line during surgery. Of course
this modified approach would not have an impact on intra-
surgical contamination, which is one of the main risk factors
for wound healing complications (Phillips und Walmsley
19983, Honnas und Cohen 1997), but it would prevent poten-
tial contamination during recovery and especially during
change of the wound dressing in a standing and moving hor-
se. However, NPWT can effectively prevent incisions from
postoperative bacterial contamination in human medicine. A
tenfold higher incidence of postoperative bacterial contami-
nation in incisions not treated with NPWT was observed in
humans despite an equal degree of intraoperative contami-
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nation (Grauhan et al. 2013). This indicates that contamina-
tion in the horses with wound healing complications in this
study occurred most likely during surgery, recovery or during
primary postoperative dressing application, as only three
dressings had to be replaced in the treatment group during
the six days period of the study.

No statistical differences were found for the occurrence and
severity of wound healing complications between the two
groups in this study. This is in marked contrast to results from
studies in human medicine treating incisions after primary
closure (Blackham et al. 2013, Condé-Green et al. 2013,
Reddix et al. 2009, Stannard et al. 2009). A potential reason
for this difference could be the method of closure of the lapa-
rotomy. The simple continuous suture pattern that was used in
this study results in a relatively tight closure of the skin due to
vertical compression of the incisional margins. This could
have led to impeded and therefore reduced exudate removal.
Although it is known from human medicine, that primary clo-
sed wound with a similar suture pattern have been treated
successfully via NPWT (Stannard et al. 2009, Grauhan et al.
2013), another suture pattern for equine laparotomy might
have been more effective. For example, the method of inci-
sional closure in one of the comparable studies from human
medicine was interrupted subcutaneous stitches spaced 3 to
4 cm apart and skin staples at intervals of 2cm (Blackham et
al. 2013). It is likely that this suture pattern allowed the vacu-
um applied to evacuate the subcutaneous dead space of the
wound and facilitated the exudate removal more superiorly.
Exudate removal is an essential mechanism for the effective-
ness of NPWT (Banwell 1999). Although exudate could be
collected in this study in most of the horses, a different suture
pattern could have led to a more effective removal of exudate
and therefore lower the risk for wound healing complications
in the treatment group. Additionally a higher perfusion of the
area around the incision stimulated by the vacuum could lead
to an increase of inferstitial fluid and, consequently, to more
exudate within the wound space in vacuum-treated incisions
by a shift from inferstitial fluid to the wound cavern (Banwell
1999). Ineffective elimination of fluid within the wound
cavern due to a tight skin suture could explain the lack of
beneficial effects of the vacuum therapy in this study. In the
majority of the horses of the treatment group a small amount
of transparent water-like fluid was collected in the collection
tank and considered to be condensation water. Only three of
the nine horses with clinical apparent wound healing compli-
cation showed a higher amount of exudate accumulation with
a serosanguinous character during vacuum therapy. This
leads to the conclusion, that on the one hand the pure
amount of fluid, gained during vacuum therapy, is not a reli-
able predictor for severity of wound healing complications, as
it seems to be a composition of exudate and condensation
water. On the other hand, the fact that serosanguinous exu-
date, which should be expected to occur in a certain amount
after every laparotomy, could only be collected from 3 of 25
horses, encourages the assumption, that exudate removal
was not effective in this study, especially in the immediate
postoperative period.

In the control group, no fluid accumulation occurred. During
the pilot study, water accumulated under the drape supplied
by the manufacturer in the control group, presumably becau-
se of its air- and waterproof properties. Consequently, a com-
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mercially available adhesive and breathable drape
(Opsite*Incise®, Smith and Nephew GmbH, Hamburg, Ger-
many) was used in the control group of this study and no
accumulation of water was seen.

In the event of bacterial wound contamination vacuum thera-
py was shown to have a negative effect on bacterial coloni-
zation. An increased E. coli proliferation under intermittent
and continuous negative pressure compared to normal
atmosphere pressure was reported in an in vitro study (Fuji-
wara et al. 2013). A retrospective clinical study showed that
NPWT can even increase bacterial colonization within the
wound although beneficial effects of this treatment modality
on wound healing were noted in vast majority of cases (Weed
et al. 2004). If this could be transferred to equine medicine,
the use of vacuum therapy could potentially increase the pro-
liferation of bacterial contaminants within the wound space.
Provided that there was bacterial contamination to a certain
extend in some cases combined with impeded exudate egress
and the consequential insufficient removal of bacteria this
may have contributed to the lack of beneficial effects of the
vacuum therapy in this study.

It is known that there is a high risk for bacterial contamination
of the wound incision during the recovery phase of the horse
and therefore the use of adhesive drape during the recovery
phase is recommended (Galuppo et al. 1999). The authors
of another study used adhesive drape over a stent bandage
for up to 5 days, which significantly reduced the likelihood of
incisional infections in comparison to a group without post-
operative wound coverage. Downsides of a prolonged use of
adhesive drape could be the accumulation of moisture in the
gauze or in the wound dressing used beneath it. This environ-
ment could promote bacterial growth (Tnibar et al. 2013).
No fluid accumulation was seen in the control group of this
study and the incidence of wound healing complications in
this group was within recently reported limits (Mair und Smith
2005). This indicates that the use of adhesive drape during
the postoperative period has no negative effect on the occur-
rence of wound healing complications.

Another important risk factor for wound healing complica-
tions such as suture dehiscence is excessive lateral tension in
and around the incision line (Timmenga et al. 1991). In addi-
tion to the micromechanical forces leading to the increase in
perfusion and cell proliferation mentioned, macromechanical
forces are applied during vacuum therapy, causing a reduc-
tion in lateral tension of the wound margin. This reduction is
thought to be essential to help to maintain the integrity of a
closed incision (Wilkes et al. 2012). Furthermore reduction in
lateral tension and therefore in stress concentrations in the fis-
sue surrounding the incision can reduce ischaemia. Ischae-
mia can lead to necrosis and a decreased capacity to fight off
infection (Burkhardt et al. 2008, Wilkes et al. 2012). The
lateral tension at ventral midline incisions in horses is
unknown but might be higher than on abdominal incisions in
human medicine. It is unclear whether vacuum therapy can
reduce lateral tension in ventral midline incisions in horses
enough to result in a beneficial effect.

Overall, the vacuum system used in this study was easy to

apply to the ventral median abdomen of horses with good
toleration by the patients. The portable, battery-operated
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vacuum pump placed in a bag at the horse’s neck was also
well tolerated. In this study, the use of vacuum therapy for pri-
mary closure after median laparotomy had no beneficial
effects. The major limitation of this study was the method of
primary wound closure in a continuous simple suture pattern,
which might have inhibited the exudate removal as an impor-
tant mechanism of NPWT. Furthermore, our population sam-
ple was low compared to reports from human medicine.
Because of the multifactorial aetiology of wound healing
complications after median laparotomy in horses larger sam-
ple sizes should be considered for future studies. Regarding
the increased costs for the clients and the increased worklo-
ad, the value of the NWPT is questionable based on the
results of this study. Due to the encouraging results of NPWT
treatment in primary closed wounds in human medicine,
more effort should be made to adapt the system to the horse.
A different method for incisional closure of ventral midline
incisions may be a first step to improve the effect of NPWT on
wound healing in horses and could be evaluated in a conse-
cutive study.
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