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The Effect of Sodium Carboxymethylcellulose on
Prevention of Post-operative Pleural and Pericardial
Adhesions in Dogs

Dongkyu Jung
(Supervised by Professor Jongtae Cheong)

Department of Veterinary Medicine
Graduate School, Cheju National University
Cheju, Korea

Abstract

Pleural and pericardial adhesions are very common post-operative
complications in intra-thoracic operations in dogs. The purposes of this
study are to evaluate the efficacy of 1% sodium carboxymethyicellulose
(SCMC) to prevent postoperative pleural and pericardial adhesions, to
determine the effective dose of 1% SCMC in intra-thoracic surgery, and
to find common adhesive structures after intra-thoracic operation in the
dog. The experimental design was a randomized complete block design
with five treatments in two blocks (saline-treated & SCMC-treated group).
Adhesions were induced by abrasion in the pleura and pericardium. 1%
SCMC and saline were then instilled into the pleural cavity respectively
(3.5mlkg). On the 30th day after the operation, the extents of adhesions
were measured according to the severity from 0 to 4 points. The
plasminogen concentration and complete blood counts (CBC) were
evaluated in the pre- and post-operative period.

Adhesion scores from the viscera to parietal pericardium were 3.7 in
animals treated with nomnal saline and 2.4 in animals treated with 1%
SCMC (p<0.01). Mean scores from the lung lobes were 3.5 in saline-



treated group and 1.7 in SCMC-treated group (p<0.01). In addition,
adhesions between the pericardium and sternum were more frequently
formed than in the other pleural surface in saline-treated group (3.6) and
SCMC-treated group (2.8). These results suggest that the application of
1% SCMC during intra-thoracic operation could be beneficial to prevent
pleural and pericardial adhesions, and it would reduce the technical
difficulty and the risk in repeated cardiac surgical procedures.
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I . Introduction

Adhesions across the pericardial space are a common complication of
cardiac operation (CIiff ef a/., 1973). Although the previous formation of dense
adhesions between the heart and the surrounding tissues does not result in
immediate or obvious morbidity, repeated cardiac surgical procedures are
associated with increased technical difficulty for the surgeon and increased
risk because of the adhesions. Aiso, these complications may result in serious
secondary complications and disease such as atelectasis and torsion of lung
lobe (CIiff et al., 1973; Cunningham Jr. et al., 1975; lkéheimo et al., 1985;
Boggs and Kinasewitz, 1995).

Suspected causes of the pleural adhesions are concurrent appearances of
spilled blood (Robinson, 1987), mesothelial injuries such as drying of pleural
membrane, and inflammatory response activation by spilled blood (CIiff ef al.,
1973; Boggs and Kinasewitz, 1995).

Currently, many experiments and studies have been performed to prevent
thoracic and pericardial adhesions. The pharmacological basis for adhesion
prophylaxis includes agents that decrease the inflammatory reaction
(Beauchamp et al., 1984; Xie et al., 1998), prevent blood coagulation and
fibrin deposition (Strange et al., 1995), promote fibrinolysis (Wiseman et al.,
1992; Hill-West et al., 1995), mechanically separate the injured tissues
(Younans et al., 1968; Laks ef al., 1981; Robinson ef al., 1984; Milgalter ef al.,
1985; Rein and Hill, 1989) , close the pericardium with loose suture and insert
the chest tubes (Cunningham Jr. et al., 1975; Nandi ef al., 1976).

Sodium carboxymethyicellulose (SCMC) is a high molecular weight
polysaccharide polymer that is water soluble, biocompatible and viscous
(Elkins et al., 1984). It is thought that these substances act through a
mechanical flotation method separating viscera by a physical barrier
(Fredericks et al., 1986; Ryan and Sax, 1995).



The purposes of this study are to evaluate the efficacy of 1% SCMC to
prevent postoperative pleural and pericardial adhesions, to determine the
effective dose of 1% SCMC in intra-thoracic surgery, and to find common

adhesive structures after intra-thoracic operation in the dog.



II. Materials and Methods

1. Experimental animals:

Ten mongrel dogs weighing between 5 to 10 ke of body weight were
assigned to two groups at random. Each group consisted of 5 dogs. Food and
water were available ad libitum.

To detemmine previous diseases of the dogs, physical examinations and
compiete blood counts (CBC) were performed.

The SCMC were prepared as 1 percent by weight per volume of distilled
water. All were sterilized by autoclaving.

2. Experimental procedure:

Preparing and Premedication:

CBC and plasminogen concentrations were evaluated before the
experimental operation. Broad spectrum antibiotic was given to the dog two
hours before surgical procedure intramuscularly and atropine sulfate (0.05 mg/
ke of body weight) was injected intramuscularly before the operation. Skin of
the dog was prepared with 70% isopropy! alcohol and povidone-iodine.

2-1. Induction of general anesthesia.

General anesthesia was induced with intravenous thiopental sodium
(Pentothal®, 10~ 15 mg/kg of body weight). After the animal was anesthetized,
endotracheal intubation was immediately done and inhalation of oxygen was
allowed 3~ 5 minutes to sufficient oxygenation and "lung washout”. Draping in

a sterile fashion was performed during anesthesia.

2-2. Anesthesia maintenance:
After the animal had general anesthesia, a combination of NJO (120 mé/kg



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

during the operation.

2-3. Qperative procedure:

In sterilized conditions, median stemotomy was performed with an
oscillating bone saw. Unexpected bleeding was immediately controlled with
electrocautery, and careful attention was given fo prevent the spilling of blood
into the thoracic cavity. After opening the thorax, the costal pleurum between
the 4th to 6th intercostal spaces was then abrased bilaterally with dry gauze
sponge. After the pleural abrasion, pericardium was incised longitudinally from
apex to base of the heart, about 1 cn anterior to the left phrenic nerve.
Vigorous rubbing of visceral and parietal pericardium with a dry gauze sponge
was then done. Each abrasion was 2 cm x 2 cm, Instillation of 0.9% sterilized
normal saline (3.5 mé/ke) into the pleural and pericardial space then done in
saline-treated group, but irmgation of sterilized 1% SCMC (3.5 mi/kg) was
performed into the thoracic cavity in SCMC-treated group. Then, the thorax
was closed without closing the opened pericardium

The incised sternum was sutured with orthopedic stainless steel wire (1-0).
The muscle and subcutaneous tissue was closed in layers with 2-0 chromic
catgut suture. Finally, the skin was closed with surgical nylon (2-0) by simple
interrupted pattem.

2-4. Evaluation of CBC and plasma plasminogen concentration

Each animal was evaluated using a CBC by every 3 days after surgery for
30 days, but plasminogen concentration was determined on the 1st, 3rd, 5th
day after the operation. Blood samples were obtained from cephalic vein in
the dogs. Fibrinogen and total protein were evaluated by refractometer. RBC
counts, WBC counts were determined manually by hemocytometer. PCV



value was evaluated by microhematocrit method. Plasma plasminogen
concentration was evaluated using chromogenic plasminogen kit (Accucolor™
Sigma, USA),

2-5. Evaluation of adhesions

Each dog was sacrificed on the 30th day after the operation. Two persons
who were unaware of the operation schedule and application evaluated
severily of the adhesions. Evaluation was performed by scoring 0 to 4 point
according to severity of the adhesions (Table 1). In addition, predominant

adhesion sites of the thoracic organs were classified and determined.

2-6. Statistical analyses
Scores from each group were compared using t-test and ANOVA.
Hematological values were analyzed using t-test. Determination of common

adhesion formation structure analyzed using ANOVA.

Table 1. Classification of Adhesion Scores

Adhesion score Observation
0 No adhesions
1 Filmy adhesions with easily identifiable plane
2 Mild adhesions with freely identifiable plane
3 Moderate adhesions with difficult plane of dissection
4 Dense adhesions with no plane of dissection

= Derved from” Prevention of pericardial adhestons using tissue protective solutions”
by Sceger et al. (1997)



II. Results

1. Adhesion score

Mean adhesion score in saline-treated group and SCMC-treated group, is
shown in the figure 1. Mean adhesion score in saline-treated group (3.7) was
much higher than that of SCMC-treated group (2.4) in the pericardium
(p<0.01). Mean adhesion score in the pleurum with the lung lobe also
significantly differs between saline-treated group (3.5) and SCMC-treated

group (1.7) (p<0.01).
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Figure 1. Mean adhesion scores of saline-treated group were significantly
higher than that of SCMC-treated group in the pericardium and iung lobes
{p=0.01).



2. Significant adhesion structures

There were no significant adhesion structures among the pleural
structures (figure 2, 3). The mean score of the adhesions was 3.0 in the jung
lobes, 3.0 in the heart and 3.2 in the stemum to the pericardium. Mean
adhesion score in the lung lobes 15 shown in figure 3. Mean adhesion score
was 2.8 in the penicardium, 2.7 in the parietal pleurum and 2.3 among the lung
lobes. Therefore, there was no significant adhesion structure on the lung
lobes. Also, there were no differences between saline-treated group and
SCMC-treated group.
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Figure 2. The mean adhesion scores of pleural structures on the pericardium.
The mean adhesion score of the sternum was higher than other structures
but significant differences among the structure were not found (Not
significant at p<0.05).
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Figure 3. The pericardium was an adhesive structure on the lung lobe but
there were no differences among the pleural structures significantly (Not
significant at p<0.05).
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3. Plasminogen concentrations

The plasminogen concentration in the control and SCMC-treated group is
shown in the figure 4. Mean plasminogen concentration before the operation
was 105.6% in saline-treated group and 105.9% in SCMC-treated group. On
the first day after the operation mean plasminogen concentrations in saline-
treated group and SCMC-treated group decreased to 28.2%, and 27.1%
respectively. From the 4ih day after the operation, mean plasminogen
concentration 1n saline-treated group increased to 29.5% but it decreased
further in SCMC-treated group (24.4%).
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Figure 4. Mean plasminogen concentrations of saline-treated and SCMC-
treated groups were similar at 3 days before the operation, but difference
appeared from the first day after the operation. a:a’, a:b, a:c; significantly
differential pairs (*; p<0.01, **; p<0.05). There were no differences between
saline-treated and SCMC-treated group.
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4. Mean fibrinogen concentrations

Mean fibrinogen concentration in blood is shown in figure 5. Mean
fibrinogen concentration in saline-reated group increased significantly to 580
mg/d? on the 1st day after the operation, but that of saline-treated group
increased to 520 mg/d? on the 7th day after the operation in SCMC-treated
group. Mean concentration of fibrinogen decreased on the 4th day after the
operation and gradually decreased to 300 mg/d? in saline-treated group.
Mean concentration of fibrinogen in SCMC-treated group increased siowly up
to the 7th day and decreased on the 10th day after the operation.
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Figure 5. Mean fibrinogen concentration variation in saline-treated group
significantly increased on the first day after the operation. In SCMC- treated
group, the mean fibrinogen concentration peaked on the 7th day after the
operation (*; p<0.01, **; p<0.05). There were any differences between saline-
treated and SCMC-treated group.



5. WBC counts

Mean number of white blood cell WBC) had no significant difference
between saline-treated group and SCMC-treated group for 1 month (figure 6).
Mean WBC counts of saline-treated group and SCMC-treated group were
significantly increased on the 1st day and decreased gradually to the 7th day
after the operation. In addition, mean WBC counts of SCMC-treated group
were lower than saline-treated group.
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Figure 6. There was lower WBC value in SCMC-treated group than saline-
treated group. a:a’, ab, a:c; significantly differential pairs (*; p<0.01, **
p;<0.05). There were no significant differences between saline-treated and
SCMC-treated group.
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6. Lymphocyte and monocyte values

Mean values of the lymphocyte and monocyte counts are shown in figure
7 and figure 8. Mean value of the lymphocyte of SCMC-treated group was
significantly increased on the 7th day after the operation (34.0%) but mean
value of the lymphocyle of saline-treated group was not increased significantly.
Mean value of the monocyte of saline-treated group (6.8%) and SCMC-
treated group (9.6%) significantly increased on the 4th day after the operation.
In addition, mean value of the monocyte of saline-treated group (15.8%)
increased more on the 7th day afier the operation and mean value of the
monocyte of SCMC-treated group (9.8%) also increased. In saline-treated
group, mean value of the monocyte increased to the peak point (15.8%) on
the 7th day after the operation. The peak point of SCMC-treated group (9.8%)
was achieved on the 10th day after the operation.
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Figure 7. Mean value of lymphocyte count significantly increased on the 7th
day after the operation in SCMC-treated group. a.a’; significantly differential
pairs (*; p<0.01). There were no any significant differences between saline-
treated and SCMC-treated group.

14



20 —e— Saline -o— SCMC

16

12

Monocyte (%)

0 1 4 7 10 15 20 25 30
Time in days
Figure 8. Mean monocyte count of saline-treated group was higher than that
of the SCMC-treated group. The peak point of saline-treated group achieved
on the 7th day but the peak point of SCMC-treated group was achieved on
the 10th day after the operation. a:a, a:b, a:c, ad, ae, af: sigﬁiﬁcantly
differential pairs (*; p<0.01, **; p<0.05). There were no any differences
significantly between saline-treated and SCMC-treated group.
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7. RBC counts

Mean variation tendency of RBC count is shown in the figure 9. Mean RBC
counts of saline-treated group (4.4x10%£) and SCMC-treated group (5.1x10%/
) decreased after the operation. The RBC counts of SCMC-treated group
decreased significantly on the 1st day after the operation and recovered

slowly for one month.
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Figure 9. Mean RBC values in saline-treated group decreased on the 1st day
after the operation and slowly increased during 30 days. Whereas, mean
RBC values in SCMC-treated group slowly decreased during 30 days. a:a,
aib, axc, ad, ae, af, a:g, a:h; significantly differential pairs (*; p<0.01, *™;
p<0.05). There were no any significant differences between saline-treated
and SCMC-treated group.
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8. PCV values

Mean packed celi volume (PCV) is shown in figure 10. PCV decreased on
1st day in control and SCMC-treated group and gradually increased for one
month.
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Figure 10. Mean packed cell volume variation decreased to 35.6% in saline-
treated group and 31.8% in SCMC-ireated group on the 1st day after the
operation. a:a, a:b, a:c, a:d, a:e, af, a:g; significantly differential pairs (*;
p<0.01, ™, p<0.05). There were no differences between saline-treated and
SCMC-treated group significantly.
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IV. Discussion

Many of previous studies have suggested methods that can prevent
postoperative adhesions as a complication of surgical treatment. Although
ntra-thoracic instillation of SCMC had good anti-adhesion effect, there were
moderate to mild pleural or pericardial adhesions, however, in SCMC-treated
group Although sufficient effort was made to avoid bleeding, two of animals in
SCMC-freated group had accidental bleeding from the mediastinum and
pericardium during the procedure. Therefore, to prevent unwanted bleeding,
gentle manipulation of the soft tissue and immediate bleeding control is
important to prevent adhesions. Previous studies by Poster ef al. (1971)
suggested that the fibrous framework for a mature fibrous adhesion might be
provided not only by clotted exudate but also by clotted biood. Previous
studies by CIlif et al. (1973) and Robinson (1987) demonstrated that
autologous blood could induce pleurodesis in human recurrent pneumothorax
patients. Exudate or biood clots can be eliminated from chest or pericardial
areas by use of chest tube or intra-pericardial sump tubes, but the procedure
may promote unexpected infection from hospital environment (Cunningham Jr.
et al., 1975).

Mean adhesion score of SCMC-treated group was lower than saline-
treated group. Seeger ef al. (1997) demonstrated that SCMC is six times as
effective than saline, but there were not as dramatic event 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 in
the animals, compared with those of the pervious studies. This experiment
also suggested that intra-thoracic administration of 1% SCMC significantly
reduce adhesion formation when compared with the saline-treated group.
Although results of these trials have been varied, SCMC has substantially
reduced the incidence of pericardial and pleural adhesions in dogs. Ryan and



Sax (1995) studied the efficacy and mechanism of action of the SCMC
sponge, and they emphasized the primary importance of local physical
barriers rather than more generalized effects mediated by soluble factors. 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 and SCMC may leave more siowly. The
fact may explain the positive result of this experiment.

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 increased compared
with saline-treated group. Trent and Bailey (1986) demonstrated plasminogen
variation after trauma. They suggested that activity of plasminogen activator
initially decreases precipitously below base-line activity, then increase to well
above base line values by 5 days after trauma, gradually decreasing to base-
line values during the following weeks and months. In this experiment,
plasminogen concentration decreased on the 1st day after the operation and
increased a little on the 4th day after the operation. On the 7th day, mean
plasminogen concentration increased more but there were differs between
saline-treated group and SCMC-treated group. Mean plasminogen
concentration of SCMC-treated group increased more slowly than saline-
treated group. it may suggest that fibrinolytic activity be prolonged in SCMC-
treated group. In addition, it may be explained that more acute and severe
non-infectious inflammatory 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 (1995) suggested that polymer coatings of
SCMC prevent removal of plasminogen from traumatized surfaces, thereby
increasing its availability for activation,

In saline-treated group, mean fibrinogen concentration was increased its
peak point on the first day after the operation. The fibrinogen concentration
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increased on the 7th day after the operation to peak point in SCMC-treated
group. These results may suggest that fibrosis was disturbed and slowly
formed in SCMC-treated group. Good et al. (1978) demonstrated that the
fibrinogen concentration varied in a model of pleural adhesions. The peak
fibrinogen concentration appeared 24 hours after the induction of adhesion
and progressively decreased over time. In this experiment, mean fibrinogen
concentration of saline-treated group reached the peak point on the 1st day
after the experimental operation and decreased gradually for 30 days. The
peak point of mean fibrinogen concentration in SCMC-treated group, however,
was achieved on the 7th day after the operation. This might explained
preventive efficacy of SCMC in pleural cavity.

Good et al. (1978) also suggested leukocyte values of pleural fluid. Pleural
fluid WBC counts peaked at 24 hours and progressively decreased over 30
days. Mean WBC count of this study also demonstrates the variance of the
leukocyte in pleural adhesion animal 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 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 to they play an
important role in postoperative wound healing and adhesion formation. Mean
lymphocyte counts of saline-treated group were peaked on the 7th day after
the operation but mean lymphocyte counts of SCMC-treated group peaked at
10th day after the operation. Leak et al. (1987) suggested that fibroblasts and
macrophages increased but small number of lymphocytes were found on the
3rd day and fibroblast, macrophage and small numbers of lymphocyte were
found at 8 days after adhesion induction. This study found that lymphocyte of
blood increased on the 7th day and then decreased on the 15th day after the
operation in pleural and pericardial adhesion animal model. Mean monocyte
counts increased at 4th day after the operation. Rein and Hill (1989)
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suggested that macrophage may further contribute to postoperative adhesion
formation by stimulating angiogenesis and secreting plasminogen activators.
Therefore, mean monocyte counts in this experiment re-demonstrate the
suggestion of Rein and Hill (1989). Mean lymphocyte and monocyte counts of
SCMC-treated group were lower than saline-treated group. Moreover, the
changing tendency of SCMC-treated group was significantly different and
slow variation tendency was observed. These resuits can explain the
adhesion prevention effect of SCMC.

in order to accelerate diffusion of SCMC, the incised pericardium was left
open. Usually the pericardium has been left open following the operation to
permit drainage into the pleural spaces or mediastinum (Cunningham Jr. et al.,
1975). Moreover, additional reason was that attempt closure of the
pericardium often visibly constricted the heart, with impaiment of function.
Previous study by Cunningharn Jr. ef al. (1975) and Nandi et al. (1976)
suggested closure of pericardium after open-heart surgery. They
demonstrated that closure of pericardium could reduce adhesion formation of
the heart to the median sternum and cardiac tamponade. In this study, closure
of pericardium was hazardous because it wouid inhibit diffusion of SCMC into
the pericardial space. Moreover, if there were over-tension in pericardium, it
might cause cardiac tamponade and fatal results. Malm ef al, (1992) and
Okuyama et al. (1998) suggested that cardiac tamponade occurs more often
after pericardial closure. Pericardium adheres to the middle 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
pericardial adhesions to lung lobes, there were no additional adhesions in the
thoracic cavity. Therefore, resection of the incised pericardium or closure of
pericardium may be a sensible choice in surgical procedure. Kerstetter ef al.
(1997) reported the results of pericardiectomy in dogs. They suggested that
the surgical procedure (subtotal vs. total pericardiectomy) was not significantly

associated with survival time of dogs.
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The dose of 1% SCMC in thoracic surgery was the main problem. In
general abdominal and pelvic surgical procedures, 7 mé/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 interrupt normal movement
of organs. The heart or the lung lobes are life-threatening organs. Seeger et al.
(1997) experimented using SCMC to prevent postoperative pericardial
adhesions, They used 25 m¢ of 1% SCMC solution in weighing 15-20 kg dogs
but in this study, the dose of 1% SCMC was a half of general abdominal or
pelvic the operation (3.5 m¢/kg of body weight) As a mechanism of SCMC,
artificial pericardial effusion probably was induced. Previous studies by Good
et al. (1978) and lkiheimo et al. (1988) suggested that pericardial effusion can
reduce cardiac tamponade and pleural fluid has not evident effect of adhesion
formation. At necropsy, which was performed one month after experimental
the operation, there wasn't any residual exudate or SCMC solution.

The information leamed in this experiment has led to successful clinical
application of SCMC for a canine heart worm (Dirofilaria immitis) removal
operation by pulmonary ateriotomy in the canine patient. Blood contaminated
pleural cavity was washed out by nomal saline for several times and 1%
SCMC was mnstiled into the pleural cavity during and after the operation
procedure. Postoperatively the patient has done well without any clinical
problem 5 months following the operation.
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V. Conclusions

The SCMC have been shown to be effective in the prevention of both
pleural and pericardial adhesions, This study suggests that the dosage of 1%
SCMC (3.5 m/kg of body weight) could prevent postoperative pleural and
pericardial adhesions without any complications. Furthemmore, results of this
study could reduce unexpected adhesions and bleeding in repeated intra-

thoracic surgery.
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