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A BSTRACT

Negative pressure wound therapy (NPWT) involves the application of negative pressure on a wound
bed for its positive effects on wound healing. Indications for NPWT concern various types of wounds, skin
grafts and flaps, partial-thickness burns, open abdomen management and closed incisions.

Negative pressure wound therapy has been used for centuries in human medicine. Its first use dates
back to the Roman era (around 27 BCE) when human generated pressures were used. Later, European
and Russian physicians developed various advanced methods and systems to apply negative pressure
on wounds or other injuries. The on-going positive findings in human medicine triggered researchers in
veterinary medicine to apply this technique on animal patients.

However, much still has to be investigated regarding NPWT, especially in veterinary medicine, as there
are many factors playing a role in the mechanisms of this treatment. New methods and techniques are
continuously being developed and the existing studies show great potential for NPWT.

SAMENVATTING

Bij negatieve druktherapie wordt het wondbed onderworpen aan een negatieve druk omdat dit positieve
effecten heeft op de wondheling. Negatieve druktherapie kan worden toegepast op verschillende soorten wonden,
huidtransplantaten en -flappen, open abdomen en gesloten incisies.

Negatieve druktherapie wordt al eeuwen gebruikt in de humane geneeskunde. Al in de Romeinse tijd (rond
27 v.Chr.) gebruikte men door mensen gegenereerde zuigkracht om verwondingen beter te laten helen. Europese
en Russische artsen ontwikkelden later verschillende geavanceerde methoden en systemen om negatieve druk
op wonden toe te passen. De positieve bevindingen in de humane geneeskunde wakkerden de interesse van
onderzoekers in de diergeneeskunde aan. De laatste twintig jaar wordt negatieve druktherapie bij dieren ingezet
in talrijke experimentele en klinische omstandigheden, maar veel onderzoek moet echter nog gedaan worden.

Anderzijds worden voortdurend nieuwe technieken ontwikkeld en de bestaande studies voorspellen
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veelbelovende toekomstmogelijkheden voor negatieve druktherapie in de diergeneeskunde.

INTRODUCTION

Wound healing can be divided into different phases
(Buchanan et al., 2014; Balsa and Culp, 2015). The
first phase is the inflammatory phase, which comprises
a vascular response for hemostasis and a cellular res-
ponse with leukocyte infiltration. Subsequently, the
proliferation phase starts, defined by fibroplasia, an-
giogenesis and epithelization. The initial part of this
phase is hallmarked by the formation of fibroblasts,
collagen and new blood vessels, presenting clinically
as granulation tissue. After the cellular prolifera-
tion, wound contraction is initiated and in combina-
tion with reepithelialization, the wound bed becomes
smaller. In the last phase, the formation of scar tissue
occurs, which is called remodelling. This final phase
of wound healing may last for months or even years.

From a surgical point of view, there are different

approaches to wound closure. With primary or de-
layed primary closure, the joining of wound edges be-
fore granulation tissue formation is attempted and it
is applicable to acute, non-contaminated or minimally
contaminated wounds. It results in ‘per primam’ heal-
ing. When wounds cannot be closed with primary
closure because of the large size or degree of contam-
ination, they can be allowed to close by second inten-
tion healing. Wound healing will pass all phases and
is called ‘per secundam’ healing. Surgically closing
a wound after the formation of granulation tissue is
called ‘per tertiam’ healing, and indications involve
chronic, contaminated and infected wounds (Knapp-
Hoch and de Matos, 2014; Balsa and Culp, 2015). In
wounds that do not allow primary closure, various
wound treatments can be exploited to optimize wound
healing and shorten the time before definitive wound
closure may be considered. One of these approaches
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Figure 1. Drawing of an Anel syringe (Price, 1969).

is negative pressure wound therapy (NPWT). Nega-
tive pressure has been used for centuries in the treat-
ment of various wounds and diseases in human pa-
tients (Miller, 2012). Already during the Roman era
(around 27 BCE), negative pressure was applied on
wounds in the form of human-generated pressures
(Price, 1969; Miller, 2012). With time, instruments
and devices were invented to generate more suction
and to control the pressure applied to the patient in a
better way (Howe, 2015).

Over the last twenty years, NPWT has been further
developed in both human and veterinary medicine.
Although animals were mostly used as study models
for human medicine, the advantages indicated by the
literature in human medicine have recently attract-
ed the attention of researchers in the veterinary field
(Howe, 2015).

In recent years, NPWT has already been the topic
of other articles published in Vlaams Diergeneeskun-
dig Tijdschrift; besides a review article on the me-
chanics of NPWT (Spillebeen et al., 2013), three case
reports are available (Jordana-Garcia et al., 2011;
Abma et al., 2015; Lippens et al., 2016). The current
article provides an overview of the history of NPWT
and zooms in on the future perspectives of this treat-
ment modality, which could further contribute to the
development and refinement of the technique in vete-
rinary medicine. In this review, the term NPWT will
be used when referring to the treatment with negative
pressure.

HISTORY OF NEGATIVE PRESSURE WOUND
THERAPY

Human medicine

Negative pressure wound therapy originated in hu-
man medicine during the Roman era (around 27 BCE),
when people who were thought to have healing pow-
ers, used their mouth to apply negative pressure to the
wound bed. This type of therapy was called ‘human lip
service’ (Price, 1969; Miller, 2012). During the same
era, also heated cupping glasses were used to exert a
subatmospheric pressure on wounds to drain fluids.
As the cups cooled down, the pressure decreased and
negative pressure was attained (Miller, 2012).

In the 18" century, the direct mouth suction was
abandoned because it was considered to be repulsive
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and unpleasant (Price, 1969). The French surgeon,
Dominique Anel, was inspired by this ancient tech-
nique of wound suction and invented a syringe that
mimicked the action of wound suction (Figure 1). It
could drain fluids from abscesses, hematomas, deep
puncture wounds and even infected sinuses (Price,
1969).

Later, cupping became predominant in NPWT.
The ‘Glass Leech’ was developed in 1821 by Fran-
cis Fox, a British physician. This device looked like
a leech and presumably drew blood into the suction
site (Miller, 2012; Museum of Health Care, 2015)
(Figure 2). Thereafter, cups with different shapes and
sizes were developed, including associated tubes and
bulbs. In this way, exudates from various locations of
the body could be extracted (Miller, 2012).

In 1977, Patrick Sames described the use of vacu-
um by surgeons to drain wounds and the importance
to cover these areas. He found a less expensive way
to seal these areas by using cling film. It was a new,
effective and cheaper way to seal the wound bed for
NPWT (Sames, 1977). Around the same time, more
articles were published about the effectiveness of
vacuum therapy. For example, in 1986, the Russian
surgeon, Nail Bagaoutdinov, described a so-called
‘vacuum aspiration system’ with foam dressing and
an irrigation tube for infected wounds. This allowed
cleansing and suction of the wound at the same time
(Couch and Stojadinovic, 2011; Daar et al., 2016). He
tried to get a patent on his technique and device but it
was rejected because it looked too much like the Bier
Cup, which was a glass cup linked to a manual pump
and was used around the 1890°s (Otterbourg, 2012).
The advantages of the ‘vacuum aspiration system’
were the removal of secretions with cleansing of the
wound and a rapid detoxification (Lockwood et al.,
2004). For the first time, with NPWT, it was possible
to place mechanical tension on soft tissues and thus
provide a growth stimulus for fibroblasts (Nolff et al.,
2015c).

As more beneficial effects were discovered, new
techniques were proposed. Svedman et al. (1986) de-
scribed the simultaneous use of suction pressure and
continuous or intermittent irrigation of the wound
(Svedman et al., 1986). Chariker et al. (1989) pro-
posed a NPWT system with the use of moist medical
gauze instead of the customary foam, at a pressure of
-80 mmHg. The authors stated that moist gauze avoid-
ed the presence of a dead space and minimized eschar
formation (Chariker et al., 1989).

In 1993, Fleischmann et al. reported the use of
NPWT to treat wounds of fifteen patients with open
fractures that were covered by polyvinyl foam, a poly-
urethane dressing, and a suction device. It resulted in
well-cleaned wounds and distinct granulation tissue
formation (Fleischmann et al., 1993). Up until this
study, the results of NPWT were evaluated by visual
aspects, which by nature is subjective. The follow-
ing years, various methods to measure changes in the
wound bed were developed, such as measuring blood
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flow by Laser Doppler (Morykwas et al., 1997), or ra-
dioisotope perfusion imaging (Kairinos et al., 2009).
These objective methods helped to reveal the effects
of NPWT on wound healing.

The commercialization of the modern NPWT
system was first done by Kinetic Concepts, Inc., USA
(KCI) in 1995, who derived the technique from a
large-scale clinical trial of Argenta and Morykwas
and called it vacuum-assisted closure (V.A.C.) therapy
system (Argenta and Morykwas, 1997). Thereafter,
in 1996, Fleischmann developed an intermittent
instillation NPWT technique (NPWTi) combining
NPWT with wound lavage therapy (Fleischmann et
al., 1998). The NPWTi system evolved the following
years into an automatic system and in 2001, KCI
produced a fully electric device with an automatic
electric pump and alarm functions (V.A.C. Instill) to
warn when abnormalities occurred (Lehner, 2009).
The V.A.C. ultra therapy is the most recently developed
system (Kim et al., 2013). With this system, specific
settings can be managed, i.e. instil volume, soak time
and the time, in which negative pressure is applied
between instillation phases (KCI Licensing Inc.).

Benefiting from the pioneering work of KCI, other
companies started to develop their own devices, and
commercialized these at a lower cost compared to
the V.A.C. device (Otterbourg, 2012; Garwood and
Steinberg, 2016). Currently, fourteen different man-
ufacturers have commercialized NPWT devices,
each providing different types of devices (Glass and
Nanchahal, 2012; Dumville et al., 2015).

Veterinary medicine

During the 20" century and well into in the 21%
century, animal studies related to NPWT were mostly
performed to support scientific findings in human
medicine (Morykwas et al., 1997; Norbury and Kie-
swetter, 2007; Jacobs et al., 2009; Suh et al., 2016;
Tanaka et al., 2016). Morykwas et al. (1997) were
the first to set up such animal studies, and used twen-
ty-five pigs to examine the acceleration of wound
healing by secondary intention with the V.A.C. device
and methodology. Specifically, they examined the
effects on blood flow and delivery of nutrients, the
development of granulation tissue at continuous and
intermittent subatmospheric pressure, and bacterial
colonization (Morykwas et al., 1997).

The first reported veterinary case treated with
NPWT concerned a tiger of six weeks old with mul-
tiple wounds (Lafortune et al., 2007). When conven-
tional wound therapy had failed after dehiscence of a
skin flap, NPWT was applied. The authors proposed
that the technique could be beneficial in the treatment
of complex and chronic wounds in domestic animals,
neonatal zoo animals and reptiles (Lafortune et al.,
2007).

In the past years, more studies and case reports
of various species, such as cats (Guille et al., 2007;
Owen et al., 2009; Nolff and Meyer-Lindenberg,
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2015a; Nolff and Meyer-Lindenberg, 2015b), dogs
(Ben-Amotz et al., 2007; Israel and Hickman, 2011;
Buote and Havig, 2012; Cioffi et al., 2012; Spillebeen
et al., 2013; Stanley et al., 2013; Pitt and Stanley,
2014; Abma et al., 2015; Coutin et al., 2015; Nolff et
al., 2015a; Nolff et al., 2015b; Nolff et al., 2015¢c; Or
et al., 2015; Lippens et al., 2016; Miller et al., 2016;
Or et al., 2016), horses (Gemeinhardt and Molnar,
2005), and even birds (Knapp-Hoch and de Matos,
2014), tigers (Lafortune et al., 2007), tortoises (Ad-
kesson et al., 2007), and a rhinoceros (Harrison et al.,
2011) were published. Negative pressure wound ther-
apy has been used to accelerate wound closure, stim-
ulate granulation tissue production, immobilize skin
grafts, and remove and prevent fluid accumulation
(Ben-Amotz et al., 2007; Guille et al., 2007; Stanley
et al., 2013). It effectively reduced and closed dead
space (Knapp-Hoch and de Matos, 2014), promoted
wound contraction, and resolved infection (Ben-
Amotz et al., 2007; Nolff et al., 2015¢). It has been
used in conjunction with flap surgery (Nolff and Mey-
er-Lindenberg, 2015b; Or et al., 2015), orthopedic
complications (Bertran et al., 2013), necrotizing fas-
ciitis (Abma et al., 2015) and septic peritonitis (Buote
and Havig, 2012; Cioffi et al., 2012). Overall, animals
have a high tolerance for NPWT and there have been
numerous applications in veterinary medicine (Nolff
and Meyer-Lindenberg, 2016).

FUTURE PERSPECTIVES IN VETERINARY
MEDICINE

Negative pressure wound therapy appears a promi-
sing technique for the treatment of complicated
wounds. Negative pressure wound therapy has a histo-
ry of research and development (Figure 3), but further
research is necessary to optimize the technique and its
applications in practice, both in human and veterinary
medicine. One of the difficulties of comparing the ex-
isting literature on NPWT is that outcome measures of
NPWT are different, which contribute to reported con-

Figure 2. Glass cupping set of Dr. Fox from around 1850
(Anonymous, 2015).
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Figure 3. Historical timeline of the use of NPWT.

troversial results. Even when measurement methods
could be standardized, it will still remain difficult
to objectively compare results, as traumatic wounds
are unique. Furthermore, there is a lack of blinded,
double-blinded and meta-analysis studies concerning
NPWT. Blinding for the treatment protocol is often
not possible because wounds and periwound environ-
ment show clear evidence of NPWT, predisposing to
a bias during wound evaluation (Moues et al., 2007).
Furthermore, meta-analysis in the veterinary litera-
ture is often not possible due to the relatively limited
amount of cases.

Although less important for research purposes but
clinically relevant, is the fact that NPWT systems
have undergone quite some development. For veteri-
nary use, the V.A.C. simplicity system and the V.A.C.
freedom portable devices have recently been intro-
duced (KCI® Animal Health, 2016). Moreover, in an
Australian study, the first use of the portable PICO™
pump has been described (Miller et al., 2016). This is
of great advantage in the veterinary field since incor-
poration of the vacuum pump into a harness allows
patient movement without termination of treatment
(Pitt and Stanley, 2014; Coutin et al., 2015; Miller
et al., 2016; Nolff and Meyer-Lindenberg, 2016). In
this way, NPWT could be used on a home treatment
basis, provided that owners are competent enough to
manage and closely monitor the system and the health
status of their pet. Owners can be trained for home
management, reducing the need for a doctor visit to
change dressings or when complications are suspect-
ed. Prolonged hospitalization and its associated costs

"Nacuum

aspiration system”
by Bagaoutdinoy

Swine models + More case
300 human studies on animal
wounds treated patients
with V.AC.@

can thus be avoided, making pet owners potentially
more in favor of performing NPWT (Pitt and Stanley,
2014). It should be emphasized that the consumables
used for NPWT are rather costly.

The advent of less bulky NPWT devices might
also stimulate the use of NPWT in cats. So far, the
use of NPWT in cats has been described in several
case reports, a retrospective cohort study and a clini-
cal case series (Guille et al., 2007; Owen et al., 2009;
Nolff and Meyer-Lindenberg, 2015a; Nolff and Mey-
er-Lindenberg, 2015b; Nolff et al., 2016). Currently,
there are no experimental studies. More studies in cats
would be interesting, for it is believed that NPWT
could have the same positive effects in cats as in dogs
(Nolff and Meyer-Lindenberg, 2016).

Pressure setting is one of the most studied para-
meters in various applications of NPWT. Most devices
allow the pressure to be set at different values. How-
ever the majority of the commercial devices measure
the pressure at the pump, while the actual pressure at
the wound would be the preferred location for pres-
sure measurement, since this can differ significantly
from the pressure at the pump (Nolff and Meyer-Lin-
denberg, 2016). Pressure recommendations proposed
in human medicine have a therapeutic range of -40
to -150 mmHg (Birke-Sorensen et al., 2011). A pres-
sure of -125 mmHg has been suggested as the ideal
pressure for optimal blood flow and granulation tis-
sue production in animal wounds (Morykwas et al.,
2001), although other studies found similar or better
effects with other pressure values (Borgquist et al.,
2010; Birke-Sorensen et al., 2011).
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In addition to the location of pressure sensing, the
transmission of pressure along the wound bed also de-
pends on the interface material used (Or et al., 2016).
Along with the development of the NPWT systems,
different contact layer materials have been developed,
i. e. foams, gauzes, impregnated materials and adhe-
sive or non-adhesive sheets, each having their own
recommended indications. Oxidized regenerated cel-
lulose is thought to be a new interface material for
NPWT (Glass and Nanchahal, 2012). It adequately
drains exudates, it provides inactivation and removal
of matrix metalloproteinases, and it absorbs and modu-
lates growth factor release (Glass and Nanchahal,
2012).

Furthermore, it is currently investigated in an
interventional study whether a novel contact layer
called Bio-Dome (ConvaTec, USA), linked to the
Engenex system, is useful in human NPWT patients.
Bio-Dome creates space above the wound surface,
which prevents ingrowth of granulation tissue into the
interface material, and keeps its integrity after initia-
ting the therapy. It seems to have comparable posi-
tive effects on wound healing as NPWT systems at
the standard pressure of -125 mmHg, and even with
less hypobaric pressure (Hoeksema, 2015). Currently,
research is still ongoing.

Further treatment improvements may be expect-
ed by combining other wound treatment approaches
with NPWT. Scaffolds, such as Integra (Integra Lifes-
ciences Corporation, USA), an artificial dermis, have
been examined in animal models and in human pa-
tients (Machens et al., 2000; Grant et al., 2001; Park
et al., 2009). Integra is a dermoconductive product,
which stimulates migration of cells into the wound
and stimulates the formation of a new dermis (Gar-
wood and Steinberg, 2016). The composition of this
material is similar to skin, consisting of a dermal ma-
trix, which helps in the formation of blood vessels and
granulation tissue, and a region composed of silicone,
which acts as an epidermis. In human patients, Integra
has been combined with NPWT (Park et al., 2009).
It increases contact with the wound bed, improves
graft take and minimizes complications such as the
ingrowth of granulation tissue into the contact layer
material. Good clinical results have been achieved in
human patients after covering exposed bones, tendons
and joints (Park et al., 2009).

Furthermore, the possibility of stem cell use in
combination with NPWT has been studied. Epider-
mal, dermal and adipose-derived stem cells are inter-
esting as they have a high level of plasticity (Orgill
and Bayer, 2013). The combination of NPWT and
mesenchymal stem cells has been studied in rats. The
study showed that the vascularization of an acellular
dermal matrix is accelerated and improved by com-
bining NPWT and stem cells when compared to the
separate use of these techniques (Sahin et al., 2014).

Currently, the effect of NPWT on the bacterial
load of wounds remains controversial (Nolff et al.,
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2015c). Whereas some studies claim reduction of the
bacterial burden (Morykwas et al., 1997; Li et al.,
2015), many others state otherwise (Weed et al., 2004;
Demaria et al., 2011). Instillation NPWT (NPWTi) is
a recent therapy, involving the application of topical
solutions or bioactive agents such as antiseptics or
antibiotics onto the wound bed (Huang et al., 2014).
It has proven suitable for contaminated and infected
human and animal wounds (Allen et al., 2014; Nolff
et al., 2015b; Nolff, 2016). Moreover, it has shown
to improve granulation tissue production compared
to traditional NPWT, to decrease or prevent bacterial
proliferation, and avoid cross-contamination com-
pared to conventional lavage therapy (Lehner et al.,
2011; Allen et al., 2014). The current NPWT devices
allow for programmed application in order to deliver
an antiseptic solution at preset times and volumes.
Moreover, continuous application is possible (Gupta
etal., 2015; Wolvos, 2015). In comparison to conven-
tional lavage therapy, NPWTi has shown to cause less
tissue damage, and therefore less bacterial penetration
and clinical infection occurring in the wound (Allen et
al., 2014). So far, the application of NPWTi has only
been reported twice in veterinary medicine: first as a
case report (Nolff et al., 2015b) and recently as a case
series (Nolff, 2016). The authors subjectively claimed
an improved treatment outcome.

Another potential approach to deal with the bac-
terial load during NPWT is the concomitant use of
interposing dressings that have anti-bacterial proper-
ties, such as honey (Rudzka-Nowak et al., 2010;
Maguire et al., 2015), or silver (Mullally et al., 2010).
Honey may interfere with the proliferation of bac-
teria, viruses, fungi and protozoa due to its specific
characteristics, which are the hydrogen peroxide con-
tent (antimicrobial), low pH, hyperosmotic effect, the
methylglyoxal content (antimicrobial) and its stimula-
tion of the production of pro-inflammatory cytokines
(Rudzka-Nowak et al., 2010; Maguire et al., 2015).
Silver has an antimicrobial effect for it can damage
the bacterial wall by interfering with DNA and RNA
transcription (Mullally et al., 2010). In this way, both
honey and silver may lower infection rates, prevent
bacteremia and act against resistant microorganisms,
such as Staphylococcus aureus and Pseudomonas
(Woods et al., 2012; Balsa and Culp, 2015). Consider-
ing the beneficial properties of NPWT and an antimi-
crobial dressing, a combination of these applications
has been suggested to be advantageous for wound
treatment outcome (Mullally et al., 2010; Rudz-
ka-Nowak et al., 2010). It should be kept in mind that
confounding variables including the bacterial species,
its virulence, the immune system of the patient and
the debridement technique play a critical role in bac-
terial load and colonization (Moues et al., 2007; Li et
al., 2015). For this reason, the construction of studies
with a proper control group is questioned (Moues et
al., 2007; Glass and Nanchahal, 2012).

The use of NPWT in preventive medicine has
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great potential. Its application on postoperative surgi-
cal incisions have been described in humans as well
as in animals (Hudson et al., 2015; Nolff and Mey-
er-Lindenberg, 2016). The beneficial effects include
a decrease of edema, seroma and/or hematoma for-
mation, and it may prevent surgical site infections
and wound dehiscence (Horch, 2015; Nolff and Mey-
er-Lindenberg, 2016; Suh et al., 2016). There is only
one published case report, which describes preven-
tive incisional NPWT in a Rottweiler (Nolff et al.,
2015a). More research with control groups is needed
to explore the effects on closed incisions in veterinary
medicine.

Lastly, NPWT is not limited to the treatment of
wounds. In human patients, open abdomen manage-
ment with NPWT has lowered morbidity and mortal-
ity (Coccolini et al., 2015; Nolff and Meyer-Linden-
berg, 2016). Only two case series have been reported
in veterinary medicine (Buote and Havig, 2012; Cioffi
et al., 2012). In animal patients, open abdomen man-
agement is based on establishing drainage, controlling
infection and stabilizing the patient with less focus
on avoiding fascial retraction (loss of abdominal do-
main), which is an important issue in human patients
(Cioffi et al., 2012; Nolff and Meyer-Lindenberg,
2016). Animal case series describe increased patient
comfort, since it is a relatively simple way to man-
age an open abdomen: dressings may stay in place for
several days and movement is enabled with a portable
device. Postoperative patient management has also
been improved due to the more hygienic management
of effusions. Despite these positive findings, there are
no studies yet, which compare to a control group (No-
Iff and Meyer-Lindenberg, 2016).

In conclusion, negative pressure for the treatment
of wounds has been applied for centuries. In veteri-
nary medicine however, it has found favor only re-
cently. Positive and promising results have been doc-
umented, but more controlled studies are needed to
clarify the exact mechanisms and beneficial effects of
NPWT in animal patients. At last, establishing better
guidelines and recommendations for each indication
in human and veterinary medicine will improve the
clinical use of this therapy.
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Uit het verleden

VAN ALLE TIJDEN: SLECHTE BETALERS

Pieter Milliau, een van de eerste Vlaamse dierenartsen gediplomeerd aan de

nieuwe veeartsenijschool van Alfort (Parijs), kreeg in 1790 al te maken met slechte

betalers. De ‘peerdemeester’ spande een zaak in voor de rechtbank die de beschul-

digde, Joannes Colle voerman en buurman van Milliau in de Gentse Dampoortststraat

(Jooremaykensmeersch) veroordeelde tot het betalen van de verschuldigde 4 pond - 3

schellingen - 6 groten ‘ (ongeveer 20 bouwvakkersdaglonen uit die tijd) voor het ‘cu-

reren van (de) ‘peerden ende leveringen van medecynen ende salven’. De heren rech-

ters namen (toen al) hun tijd. De uitspraak volgde precies twee jaar na de aanklacht.
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