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effective material for the prevention of post-thoracotomy
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Abstract

A novel membrane was previously found to be effective in preventing post-thoracotomy pleural adhesions in
dogs. The aim of the present study was to verify the animals’ clinical condition, the biological fate of the residual
membrane, the presence or absence of pleural adhesions, and any inflammatory reactions over a 10-week observation
period following membrane implantation. The animals used were two male beagles. The experimental membrane, an
insoluble hyaluronic acid membrane containing glycerin, was implanted under general anesthesia above the visceral
pleura in the left pleural cavity of each dog after exposure to air for 30 min. A drainage tube was installed, and the
incision was closed. The drainage tube was removed after confirming the absence of pleural effusion. Ten weeks after
implantation of the experimental membrane, the dogs were sacrificed, and their chests were re-opened with a median
sternotomy to examine adhesions. Macroscopic examination at the end of the observation period showed a total absence
of pleural adhesions in both dogs, without complications of wound healing at the suture sites on the chest wall, and no
findings suggested any inflammatory response. Based on these results, this experimental membrane can prevent
postoperative pleural adhesions in dogs.
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Introduction

Dogs have been domesticated and have
eventually changed from working animals to
companion animals, and nowadays being part of the
family in recent years. As companion animals, dogs are
now receiving preventive care and advanced
treatments. Their life expectancy is reported to be 13.7
years (Inoue et al, 2015), and dogs that reach the age of
15 years old can be expected to live for a further 1.6
years (Hayashidani et al, 1988); the aging of the canine
population is striking. As dogs live longer and the
provision of advanced treatments in canine medicine
grows, an increasing number of dogs are expected to
undergo repeated surgical operations during the time
they are alive.

Postoperative adhesions are an issue for
patients undergoing multiple operations, and they
occur with a high incidence. In human medicine,
postoperative adhesions are one of the complications
of abdominal surgery (ten Broek et al, 2013; Hong et al,
2015) and thoracotomy (Loop, 1984; Braxton et al,,
1996). In particular, post-thoracotomy pleural
adhesions have long been known to cause a range of
complications at the time of re-operative thoracic
surgery (Oizumi et al, 1990; Yim et al, 1996; Getman et
al, 2006). To resolve this issue, several materials have
been investigated to prevent this effect of
postoperative pleural adhesions (Karacam et al., 2011;
Takagi et al, 2013), but no product is yet available on
the market.

We reported a novel membrane that was
markedly effective in preventing post-thoracotomy
pleural adhesions in dogs in the previous study
(Uemura et al, 2017). The main ingredient of this
experimental membrane was biodegradable and
insoluble hyaluronic acid. We found that the
experimental membrane has a very strong preventive
efficacy against postoperative plural adhesions, with
no worrisome clinical symptoms during the two-week
postoperative observation period and no inflammatory
reaction at necropsy at the end of that period.
However, our previous studies (including
unpublished research) also showed residual
membrane in approximately 50% of the sample
remaining at the time of necropsy at 2 weeks
postoperative, and pleural fluid associated with its
bioabsorption into the body was also observed.

The wound healing process consists of three
phases (Shankar et al, 2014). The two-week post-
thoracotomy period in our previous studies fell into an
inflammatory phase (from wounding to around 10
days post-wounding) and a proliferation phase (from
around three days to one month post-wounding), so
that we were able to investigate the condition of the
experimental membrane and postoperative adhesions
through on these phase. However, we could not
elucidate the fate of the membrane in the previous
study and a role of a maturation phase (at two to three
weeks post-wounding and after) on anti-adhesive
effect.

Accordingly, in this study, the aim was to
verify the clinical condition, the fate of the residual
membrane, the presence or absence of pleural
adhesions, and any inflammatory reactions at 10
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weeks. This observation period covers the transition
from the proliferation to the maturation phase in the
wound healing process.

Materials and Methods

This study was approved by the Institutional
Animal Care and Use Committee of Tokyo University
of Agriculture and Technology (No. 27-36). The
animals used were two male beagles (TOYO beagles;
Kitayama Labes, Nagano, Japan). Both animals were
selected to receive the experimental membrane, and no
animal was selected as a negative control, because in
the previous study, which involved a 2-week
observation period, showed severe adhesions between
the parietal and visceral pleura at all three sites in the
control group. Once stable adhesions are made, they
cannot be treated naturally or medically. Thus, there
was no control group in the present study for reasons
of animal welfare.

The dogs were given subcutaneous cefovecin
sodium (Convenia®, Zoets Japan K.K, Tokyo, Japan) at
8 mg/kg to prevent infection and subcutaneous
buprenorphine (0.2 mg Buprenorphine Injection,
Nissin Pharmaceutical Co., Ltd., Tokyo, Japan) at 0.02
mg/kg to palliate pain. Following these injections,
pretreatment was provided with intravenous atropine
sulfate and butorphanol tartrate (Vetorphale®, Meiji
Seika Pharma Co., Ltd, Tokyo, Japan) at 0.2 mg/kg,
and intravenous midazolam [Midazolam Sandoz
(injection solution), Sandoz K.K, Tokyo, Japan] at 0.2
mg/kg. General anesthesia was then induced with
intravenous propofol (Propofol Mylan, Mylan N.V.,
Tokyo, Japan) at 6 mg/kg. The dogs underwent
tracheal intubation, after which inhalation anesthesia
was maintained with isoflurane (Isoflurane for Animal
Use, Intervet KK, Osaka, Japan) at 1.4% to 2.6%.
Respiration was managed with intermittent positive-
pressure ventilation using the anesthesia apparatus.

The experimental membrane (10 cm x 10 cm
% 0.1 cm) was an insoluble hyaluronic acid membrane
containing glycerin. The membrane implantation site
was the left pleural cavity for each dog. The chest was
opened with an approximately 10-cm incision at the
fifth intercostal space on the left side. The lung surface
was exposed to air for approximately 30 min to create
a mild level of invasiveness. An insoluble hyaluronic
acid membrane was then implanted above the visceral
pleura exposed by the incision, as an anti-adhesive
agent. After implantation, a drainage tube (internal
diameter: 2.5 mm, external diameter: 4.0 mm; Phycon®
Tube SH No. 3, Fuji Systems, Tokyo, Japan) was
installed, and the chest was closed, using conventional
method.

The dogs were observed postoperatively for
respiratory status, appetite, activity, surgical wound,
and other signs related to general condition, and the
observations were recorded. The dogs were checked
for abnormalities such as pneumothorax and
hydrothorax, and any drained pleural fluid was
removed and its amount were recorded daily. The
drainage tube was removed after confirming that no
pleural fluid was being drained.

At 10 weeks after implantation of the
experimental membrane, the dogs were put under
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general anesthesia induced in the same manner as at
implantation. Once under deep isoflurane anesthesia,
each dog was exsanguinated in order to prevent errors
in judgment caused by contamination of the thoracic
cavity by bleeding from the sternum. After
exsanguination, each dog was sacrificed by
administration of an overdose of potassium chloride
solution. Then, each dog’s chest was re-opened with a
median sternotomy.

Any adhesions found on macroscopic
observation when the chest was reopened were to be
dissected using Kelly forceps, Metzenbaum scissors,
and a cotton swab. The severity of adhesions was
evaluated based on the tenacity encountered on
dissection according to the following scale: 0, no need
for dissection; 1, membranous adhesion, membrane
surface can easily be dissected; 2, slight adhesion,
surface of adhesion can be dissected; 3, moderate
adhesion, surface of adhesion is difficult to dissect; and
4, severe adhesion, surface of adhesion is impossible to
dissect.

Results and Discussion

The two dogs (E1 and E2) showed no
adhesion, inflammation, hemorrhage, or other lesions
in the thoracic cavity at the time of membrane
implantation. The experimental membrane was
inserted into a pleural cavity from the approximately
10-cm thoracotomy wound, and the lung surface was
exposed. This procedure was completed without any
problems in either dog.

Both dogs’ general condition, including
activity, appetite, and respiration, was normal
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throughout the observation period. E1 showed no air
escape from the drainage tube from postoperative day
1, however, there was accumulation of pleural fluid
from postoperative day 1 to 4, but then decreased on
day 4. The drainage tube was removed on
postoperative day 5, when no further drained pleural
fluid could be removed. E2 also showed no air escape
from the drainage tube from postoperative day 1,
however, pleural fluid was removed from the drainage
tube once daily. Since there was still a small amount of
fluid on day 4 and day 5, the drainage tube was
removed on postoperative day 6, when no further
pleural fluid. The pleural fluid was pale pink, and it
included only a few red blood cells and white blood
cells (PCV<1%) in both dogs. The condition of the
surgical wound was satisfactory, and sutures were
removed on postoperative day 10 in both dogs.

Macroscopic examination at the end of the
observation period showed a total absence of pleural
adhesions in both dogs, and the adhesion score was
thus 0 in both E1 and E2. Both dogs showed normal
pink coloration of the lung surface and chest wall at the
thoracotomy site, without fluid in the pleural cavity or
any residual experimental membrane. No
discoloration, protrusions, or cicatrization was
observed for any organ or tissue. There were no issues
interfering healing at the suture sites on the chest wall,
and no findings were suggestive of any inflammatory
response (Figure 1). On the other hand, severe
adhesion was observed in all of the animals in the
control group (3/3) from our previous study (Uemura
etal, 2017).

Figurel Macroscopic examination at the end of the observation period:
At 10 weeks after implantation of the experimental membrane, there were no complications with healing at the suture
sites on the chest wall, no findings were suggestive of any inflammatory response, and the adhesion score was 0 in both
E1 (Experimental Dog 1: A) and E2 (Experimental Dog 2: B).

Wound healing consists of three phases:
inflammatory (from wounding to around 10 days post-
wounding); proliferation (from around three days to
one month post-wounding); and maturation (at two to
three weeks post-wounding and after). However, the
transitions between phases can be characterized by
some overlap (Shankar et al, 2014). Postoperative
adhesions have a different mechanism to dermal
wound healing, and they are produced as a biological
reaction in which fibrin bridges are formed through the
inflammatory and proliferation phases of the wound-
healing process (di Zerega and Campeau, 2001). The

period of postoperative abdominal adhesion formation
has been addressed by researchers from a range of
different angles. Gonzalez-Quintero et al (2009)
reported on various materials for prevention of pelvic
adhesions for multiple operations (Gonzalez-Quintero
and Cruz-Pachano, 2009). Sulaiman et al. (2001)
reported on the mechanism of abdominal adhesions
and pain sensory nerves (Sulaiman et al, 2001). Di
Zerega et al. (2001) investigated postoperative
adhesion formation and tissue repair at the cell level
(diZerega and Campeau, 2001). Each of these reports
stated that postoperative peritoneal adhesions were
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formed within approximately one week. Furthermore,
it is known that wound healing may be delayed
depending on patient condition, foreign bodies,
infection, or other factors (Shankar et al, 2014). The
biodegradation of this experimental membrane
dictates the period for which residual membrane is
present in the pleural cavity and postoperative
drainage accumulates in the pleural cavity. This could
be a factor in delaying the inflammatory phase of the
wound healing process. There were no reports on the
timing of postoperative pleural adhesion formation.
Previous research on materials for the prevention of
this type of adhesion have had observation periods
ranging from two weeks in mice (Izumi et al, 2012) and
dogs (Noishiki and Shintani, 2010), and to 12 weeks in
rats (Getman et al, 2006). These studies showed
variation; however, observations were continued until
complete absorbance of the bioabsorbable adhesion-
preventing material in many cases.

In our previous studies, we found residual
experimental membrane in around half the dogs
necropsied at the end of the two-week observation
period, with retention of pleural fluid in some cases.
Accordingly, we had some concern over the long-term
influence of the residual membrane and pleural fluid.
In the present study, evaluation was performed at 10
weeks, at which was the time that the residual
membrane and pleural fluid had disappeared. The two
dogs showed a satisfactory general condition through
the 10-week observation period, without pleural
adhesion, residual membrane, or inflammatory
reaction on necropsy. Based on these results, we
consider that this experimental membrane effectively
prevents postoperative pleural adhesions until
absorption, and has a strong potential being used as a
material to prevent postoperative pleural adhesions in
dogs.

One concerned limitation of this study is the
small number of animals. This study only involved a
change in the duration of the observation period, and
we had demonstrated an anti-adhesive effect for this
membrane in the previous studies. Accordingly, the
number of animals to be sampled was limited to two
on the grounds of animal welfare. As a result, statistical
analysis was not possible. However, although this
study was qualitative, it demonstrated that the
postoperative anti-adhesion effect shown by this
experimental membrane from the inflammatory to the
proliferation phase in our previous study (Uemura et
al, 2017) continues into the maturation phase. Another
limitation concerned is the dogs in this study were
healthy animals. It is possible that animals with
different health condition would have a different
postoperative inflammatory reaction. We consider that
future studies with larger numbers of animals are
needed to investigate the anti-adhesive effect with
highly invasive forms of surgery such as
pericardiectomy or lung lobectomy.

In conclusion, this experimental membrane
was invented to maintain its anti-adhesive effect
through a 10-week observation period. This period
extended beyond the inflammation and proliferation
phases of wound healing, for which efficacy had
previously been demonstrated, and ended after the
membrane itself had disappeared. There were no signs
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of inflammatory reaction on macroscopic examination
of the pleural cavity at the end of the observation
period. The themes of future studies remain to be seen,
however, we consider that this experimental
membrane can be used as a material to prevent
postoperative adhesions in cases of repeat
thoracotomy in dogs, which is expected to be become
more common, as the canine population ages.
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