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Introduction

Adhesions across the pericardial space are a com-
mon complication of cardiac opetation®. Although the
previous formation of dense adhesions between the
heart and the surrounding tissues does not result in
immediate or obvious morbidity, repeated cardiac sur-
gical procedures are associated with increased tech-
nical difficulty to surgeon and risk because of the
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adhesions. Also, these complications may to cause
serious secondary complications and diseases such as
atelectasis and torsion of lung lobe>***,

Suspected causes of the pleural adhesions are con-
current appearances of spilled blood”, mesothelial
injuries such as drying of pleural membrane, and
inflammatory response activation by spilled blood™.
Currently, so many experiments and studies have
been performed to prevent thoracic and pericardial
adhesions. The pharmacological basis for adhesion
prophylaxis includes agent that decrease the inflam-
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matory reaction’’?, prevent blood coagulation and
fibrin deposition®, promote fibrinolysis**, mechani-
cally separate the injured tissues!!!*!715
of pericardium with loose suture and insertion of
chest tubes*'”.

Sodium carboxymethylcellulose (SCMC) is a high
molecular weight polysaccharide polymer that is
water soluble, biocompatible and viscous®. Tt is
believed that these substances act through a mechan-
ical flotation method separating viscera by a physical
barrier>?,

The purposes of this study are to evaluate the effi-
cacy of 1% SCMC to prevent postoperative pleural
and pericardial adhesions and to find common adhe-
sive structure after intra-thoracic operation in the dog.

and closure

Materials and Methods

1. Experimental animal:

Ten mongrel dogs weighing between 5 to 10kg
were assigned to two groups at random. Each group
consisted of 5 dogs. Food and water were available
ad libitum. To determine previous diseases of the
dogs, physical examinations and complete blood
counts (CBC) were performed. The SCMC was pre-
pared as 1% by weight per volume of distilled water,
and sterilized in 121°C for 30 minutes

2. Experimental procedure:

Preparing and Premedication: CBC and plasmino-
gen concentrations were evaluated three days before
experimenial operation. Broad spectrum antibiotics
were given to the dogs two hours before surgical pro-
cedure intramuscularly and atropine sulfate (0.05 mg/
/kg of body weight) was injected intramuscularly
before the operation.

Anesthesia: General anesthesia was induced with
intravenous thiopental sodium (Pentothal®, 10-15 mg/
kg of body weight). After the animal was anesthe-
tized, endotracheal intubation was immediately done
and inhalation of oxygen was allowed for 35 minutes
to provide the sufficient oxygenation and “lung wash-
out”. Draping in a sterile fashion was performed dur-
ing anesthesia. After the animal had general
anesthesia, a combination of N,O (120 mi/kg/min)

and oxygen (200 mU/kg/min) was inhaled in the semi-
open circuit system. Stagelll surgical anesthesia was
maintained with-nitrous oxide, oxygern, and enflurane.
Ancillary respiratory support (PEEP) was performed
during the operation.

Operative procedure: Thoracotomy was performed
by median sternotomny. After opening the thorax, the
costal pleurum between the 4th and 6th intercostal
spaces at the costochondral junction was then abrased
bilaterally with dry gauze sponge. After making the
two pleural abrasions(right and left pleurum), the
pericardium was incised longitudinally from the apex
to the base of heart about 1 cm anterior to the left
phrenic nerve. An Abrasion between visceral pericar-
dium and myocardium by ribbing with a dry gauze
sponge was made in the middle part of myocardium.
The size of each abrasion was 2><2 cm. Instillation of
0.9% sterilized normal saline (3.5 ml/kg) into the
pleural and pericardial space then done in saline-
treated group, but irrigation of sterilized 1% SCMC
(3.5 ml/kg) was performed into the thoracic cavity in
SCMC-treated group. Then, the thorax was closed
without closing the opened pericardium.

Evaluation of CBC and plasma plasminogen
concentration: CBC was evaluated every 3 days after
surgery for 30 days, but plasminogen concentration
was determined on the 1st, 3rd, 5th day after the oper-
ation. Blood samples were obtained from cephalic
vein in the dogs. Fibrinogen and total protein were
evaluated with a refractometer. RBC counts, WBC
counts were determined manually with a hemocytom-
eter. PCV value was evaluated by microhematocrit
method. Plasma plasminogen concentration was eval-
uated using chromogenic plasminogen kit (Accucolor,
Sigma, USA).

Evaluation of adhesions: All dogs were sacrificed
on the 30th day after the operation. Two veterinarians
who were unaware of the operation schedule and
application evaluated severity of the adhesions. Eval-
uation was performed by scoring 0 to 4 point accord-
ing to severity of the adhesions (Table 1). In addition,
predominant adhesion sites of the thoracic organs
were classified and determined.

Statistical analyses: Scores from each group were
compared using #-test and ANOVA. Hematological
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Table 1. Classification of Adhesion Scores

Pericardial/pleural ,
adhesion score Observation

0 No adhesions

1 Filmy adhesions with easily
identifiable plane

9 Mild adhesions with freely
identifiable plane

3 Moderate adhesions with difficult
plane of dissection

4 Dense adhesions with no plane of

dissection

- Derived from “Prevention of pericardial adhesions using
tissue protective solutions” by Seeger et al.”'.

values were analyzed using z-test. Determination of
common adhesion formation structure analyzed using
ANOVA.

Results

The adhesions were formed in all dogs in saline-
treated group, whereas they are formed in 3 dogs in
SCMC-treated group. Mean adhesion scores in
saline-treated group, and SCMC-treated group are
shown in the Fig 1. Mean adhesion score in saline-
treated group (3.7) was much higher than that in
SCMC-treated group (2.4) in the pericardium. Mean
adhesion score of saline-treated group (3.5) in the
parietal pleura was also significantly higher than that
of SCMC-treated group (1.7).

Fig 2 and 3 show the predominant adhesions for-
mation areas in the pleural cavity. Mean adhesion
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Fig 1. Mean adhesion scores of saline-treated group werc
significantly higher than that of SCMC-treated group in
the pericardium and the parjetal pleura (p<0.01).
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Fig 2. The stemum was the most common adhesion struc-
ture 1o the pericardivm (p<0.05).
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Fig 3. The pericardium was the most adhesive structure on
the parictal pleura (p<0.053).
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scores in the lung lobes and hearts were 3.0 but mean
adhesion score between the pericardium and the ster-
num was 3.2. In addition, 33% of adhesions formed
between the lung lobes and pericardium, or between
the pericardium and the heart. Whereas, 34% of adhe-
sions formed in the sternum. Retro-sternal pericardial
adhesions occurred most often. Mean adhesion scores
in the lung lobes are shown in Fig 3. Mean adhesions
scores in the pericardium and in the parietal pleurum
were 2.8 (36%) and 2.7 (35%). Mean adhesion score
among the lung lobes was 2.3 (29%). The pericar-
dium was the most significant adhesion formation
area in the pleural cavity (p<0.05).

The variances of plasminogen concentration in the
control and SCMC-treated group are shown in the Fig
4. Mean plasminogen concentration on the 3rd day
before the operation was [05.6% in saline-treated
group and 105.9% in SCMC-treated group. On the
first day after the operation mean plasminogen con-
centrations in saline-treated group and SCMC-treated
group decreased to 28.2% and 27.1%, respectively.
From the 4th day after the operation, mean plasmi-
nogen concentration in saline-treated group increased
to 29.5% but it decreased further to 24.4% in SCMC-
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Fig 4. Mean plasminogen concentrations of saline-treated
and SCMC-treated groups were similar 3 days before the
operation, but difference between two groups appeared on
the first day after the operation. a:a, a:b, a:c; significantly
differenual pairs (*p<0.01, **p<0.05).

2

g

Fibrinogen
Concentration (mg/d)

8

o 1 4 7 10 15 2 25 a0
Time in days

Fig 5. Mean fibrinogen concentration variation in saline-
treated group significantly increased on the first day after
the operation. a:a, a'b, a:c, a:d, ae, a:f, azg, ath, ai; sig-
nificantly differential pairs (*p<0.01, **p<0.05).

treated group.

Mean variation of fibrinogen concentration in
blood is shown in Fig 5. Mean fibrinogen concentra-
tion in saline-treated group increased significantly to
580 mg/dl on the st day after the operation, but that
of saline-treated group increased to 520 mg/dl on the
7th day after the operation. It decreased on the 4th
day after the operation and gradually decreased to
300 mg/dl in saline-treated group but increased
slowly up to the 7th day and decreased on the 10th
day after the operation in SCMC-treated group.

Mean numbers of white blood cells (WBC) had no
significant difference between saline-treated group
and SCMC-treated group (Fig 6). Mean WBC counts
of saline-treated group and SCMC-treated group were
significantly increased on the 1st day and decreased
gradually upto the 7th day after the operation. In addi-
tion, mean WBC counts of SCMC-treated group were

o 1 4 7 10 15 2 25
Time In days

Fig 6. WBC values in SCMC-treated group were lower
than those in saline-treated group. aa. ab, a:c; signifi-
cantly differential pairs (*p<0.01, **p<0.03).
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Fig 7. Mean values of Iymphocyte counts significantly
increased on the 7th day after the operation in SCMC-
treated group. a:a; significantly differential pairs (*;p<0.01).
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Fig 8. Mean monocyte counts of saline-treated group were
higher than those of SCMC-treated group. The peak point
of them achieved on the 7th day in saline-treated group but
was achieved on the 10th day after the operation in
SCMC-treated group. a:a, ab. ac, ad, ae, a:f; signifi-

lower than those of saline-treated group.

Mean values of the lymphocyle and monocyte
counts are shown on Fig 7 and 8. Mean value of the
lymphocyte of SCMC-treated group was significantly
increased on the 7th day after the operation (34.0%)
but that of saline-treated group did not increase sig-
nificantly. Mean values of the monocytes of saline-
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treated group (6.8%) and SCMC-treated group (9.6%)
significantly increased on the 4th day after the oper-
ation. In addition, mean values of the monocytes of
saline-treated group (15.8%) much increased on the
7th day after the operation and those of SCMC-
treated group (9.8%) also increased. In saline-treated
group, they increased to the peak point (15.8%) on
the 7th day after the operation. The peak point of
SCMC-ueated group (9.8%) was achieved on the
10th day after the operation.

Mean variation tendencies of RBC counts are
shown on Fig 9. Mean RBC counts of saline-treated
group (4.4106/u1) and SCMC-wreated group (5.1106/
W) decreased after the operation. RBC counts of
SCMC-treated group decreased significantly on the
1st day after the operation and recovered slowly dur-
ing the one month time span.

Mean packed cell volume (PCV) is shown in Fig
10. PCV decreased on the 1st day in control and
SCMC-treated group and gradually increased during
the one month time span.

Discussion

Mean adhesion score of SCMC-treated group was
lower than that of saline-treated group. Seeger et al.*!
demonstrated that SCMC is six times more effective
than saline, but it had dramatic effects in this study.
The increased adhesion scores in this study, compared
with previous studies, may have been due to more
vigorous and severe abrasions, which were inflicted
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Fig 9. Mean RBC values in saline-treated group decrcased
on the 1st day after the operation and slowly increased
during 30 days. Whereas, those in SCMC-ueated group
slowly decreased in all trials. a:a, a:b, a:c, a:d, ae, af, a:g,
ach; significantly differential pairs (*p<0.01, **p<0.03).
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Fig 10. Mean packed cell volume variations decreased to
35.6% in saline-treated group and 31.8% in SCMC-treated
group on the 1st day after the operation. a:a, atb, aic, a:d, ae,
af, a:g; significantly differential pairs (*p<0.01, **p<0.05).

in the animals, compared with those of the previous
studies. The mechanism of SCMC have not been
defined clearly, but it is suggested that separation of
serosal surface because of its lubricating and floating
action. Normal saline is reabsorbed quickly, but
SCMC may be done more slowly. The fact may
explain the positive result of this experiment.

This study found that pericardium commonly
formed retrosternal adhesion. Moreover, the pericar-
dium adheres to lung lobe most commonly. There-
fore, it was suggested that thc pericardium most
easily forms adhesions among pleural structures. Pre-
vious study of Okuyama et al.'® supported this result.

Plasma plasminogen concentrations were at the
lowest point on the first day after the operation but it
increased slowly in saline-treated group. In the
SCMC-treated group, plasminogen concentration did
not increase in comparison with saline-treated group.
Trent and Bailey® demonstraled plasminogen varia-
tion after trauma. They suggested that activity of plas-
minogen activator initially decreases precipitously
below base-line activity, then increase to well above
base line values by 5 days after trauma, gradually
decreasing (o base-line values during the following
weeks and months. In this experiment, plasminogen
concentration decreased on the lst day after the oper-
ation and increased a little on the 4ih day after the
operation. On the 7th day, mean plasminogen con-
centration increased more, but there was no signifi-
cant difference between saline-treated group and
SCMC-treated group. Mean plasminogen concentra-
tion of SCMC-treated group increased more slowly



than that of saline-treated group. It may be suggested
that [ibrinolytic aclivity would be prolonged in
SCMC-treated group. In addition, it may be explained
that more acute and severe non-infectious inflamma-
tory response presented in saline-treated group than
SCMC-treated group. It also demonstrated that
migration of plasminogen from tissue to blood was
interrupted by SCMC in SCMC-treated group. More
recent speculation by Ryan and Sax™ suggested that
polymer coatings of SCMC prevent removal of plas-
minogen from traumatized surfaces, thereby incrcas-
ing its availability for activation. In saline-treated
group, mean fibrinogen concentration was increased
lo peak point on the first day after the operation. But
it SCMC-treated group, the fibrinogen concentration
increased on the 7th day after the operation to peak
point. These resulis may suggest that fibrosis was dis-
turbed and slowly formed in SCMC-treated group.
Good et al.” demonstraied the fibrinogen concentra-
tion variation in a model of pleural adhesions. The
peak fibrinogen concentration presented 24 hours
after the induction of adhesion and progressively
decreased over time. In this experiment, mean fibrin-
ogen concentration of saline-treated group reached
peak point on the 1st day after the experimental oper-
ation and decreased gradually for 30 days. The peak
point of mean fibrinogen concentration in SCMC-
treated group, however, was achieved on the 7th day
afier the operation. It may be explained preventive
efficacy of SCMC in pleural cavity.

Good et al’ also suggested leukocyte values of
pleural fluid. WBC counts in pleural fluid peaked at
24 hours and progressively decreased over 30 days.
Mean WBC counts of this study also demonstrates
the variance of the leukocyte in pleural adhesion ani-
mal model. Mean WBC counts peaked on the 1st day
after the operation in saline-treated group and
decreased gradually. Although mean WBC counts of
SCMC-treated group were much less than those of
saline-treated group, similar variation tendency was
observed.

Mean lymphocyte and monocyte counts were
determined in this study. Activated macrophages and
t-lymphocytes are known that they play an important
role in postoperative wound healing and adhesion for-
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mation. Mean lymphocyte counts of saline-treated
group peaked on the 7th day after the operation but
mean lymphocyte counts of SCMC-treated group
peaked on the 10th day after the operation. Leak et
al.”® suggested that fibroblasts and macrophages
increased but small numbers of lymphocyles were
found on the 3rd day and fibroblasts, macrophages
and smail numbers of lymphocytes were found on the
8th day after adhesion induction. This study found
that lymphocytes of blood increased on the 7th day
and then decreased on the 15th day after the operation
in the pleural and pericardial adhesion animal model.
Mean monocyte counts increased on the 4th day after
the operation. Rein and Hill"" suggested that mac-
rophages might further contribute to postoperative
adhesion formation by stimulating angiogenesis and
secreting plasminogen activators. Therefore, mean
monocyte counts in this experiment re-demonsirate
the suggestion of Rein and Hill"”. Mean lymphocyte
and monocyte counts of SCMC-treated group were
lower than those of saline-treated group. Moreover,
the changing tendency of them in SCMC-treated
group was significantly different from those in saline-
treated group and slow variation tendency was
observed. These results can explain the adhesion pre-
vention effect of SCMC.

In order to accelerate diffusion of SCMC, the
incised pericardium was left open. Usually the peri-
cardium has been left open following the operation to
permit into the pleural
mediastinum®. Moreover, additional reason was that
attempting the closure of the pericardium often visi-
bly constricted the heart, with impairment of function.
Cunningham Jr. et al.* and Nandi et al."” described the
result from closure of pericardium after open-heart
surgery. They demonstrated that closure of pericar-
dium could reduce adhesion formation of the heart o
the median sternum and cardiac tamponade. In this

drainage spaces oOr

study, closure of pericardium was hazardous because
it would inhibit diffusion of SCMC into the pericar-
dial space. Moreover, if there were over-tension in
pericardium, it might cause cardiac tamponadc and
fatal results. Malm et al."* and Okuyama et al.'® sug-
gested that cardiac tamponade occurs more often after
pericardial closure. Pericardium adheres to the middle
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or caudal lung lobes most commonly in this study but
there was no evidence of hypoventilation or exercise
intolerance among the affected dogs. Except for peri-
cardial adhesions to lung lobes, there were no addi-
tional adhesions in the thoracic cavity. Therefore,
resection of the incised pericardium or closure of
pericardium may be a sensible choice in surgical pro-
cedure. Kerstetter et al."’ reported the results of peri-
cardiectomy in dogs. They suggested that the surgical
procedure (subtotal vs. total pericardiectomy) was not
significantly associated with survival time of dogs.
This fact further supported that suggestion in this
study.

The determination of the dose of 1% SCMC in tho-
racic surgery was the main problem in this study. In
general abdominal and pelvic surgical procedures,
7 ml/kg of body weight of 1% SCMC have been used
in veterinary surgical procedures until now but it may
make artificial ascites (float action) which can inter-
rupt normal movement of organs. The heart or the
lung lobes are life-threatening organs. Seeger et al.”
experimented with SCMC to prevent postoperative
pericardial adhesions. They used 25 ml of 1% SCMC
solution in weighing 15-20 kg dogs but in this study,
the dose of 1% SCMC was a half of general abdom-
inal or pelvic the operation (3.5 ml/kg of body weight).
As a mechanism of SCMC, artificial pericardial effu-
sion probably was induced. Good et al.” and Tk heimo
et al.? suggested that pericardial effusion can reduce
cardiac tamponade and pleural fluid has not evident
effect of adhesion formation. Al necropsy which was
performed one month after experimental operation,
there was no residual exudate or SCMC solution.

Conclusion

The sodium carboxymethylcellulose (SCMC) have
been shown to be effective in the prevention of both
pleural and pericardial adhesions. In addition, more
adhesive structure of pleural cavity was found to the
pericardium in this experiment. The adhesions for-
med more commonly between the pericardium and
the sternum. This study suggests that the dosage of
1% SCMC (3.5 ml/kg of body weight) could prevent
postoperative pleural and pericardial adhesions with-
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out any complications.
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