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Abstract

The article was planned to recognize the effect of polyglactin and polypropylene sutures
on pericardial healing in dogs. In this study, twelve mature dogs were utilized. The dogs
were separated into two groups. In all animals, after induction of general anesthesia and
connection with a positive pressure ventilation machine, intercostal thoracotomy between
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Key‘l"_’ordSZ the 6" and 7" intercostal space was dependent. 2cm of surgical incision was established on
E:fi‘c':rgdium the pericardium. In group one, the site of the pericardial incision was sutured with 2/0
Polyglactin polyglac_tin_usi_ng a simple continuous pattern technique_. In contrast, in the group two, the
Polypropylene pericardial incision was closed by 2/0 polypropylene using the same suture technique. The

Pericardiotomy gross and histopathological changes on days 7 and 21 post-operation depended on

evaluating the difference between the two sutures on the pericardial healing process. The
gross results in both groups revealed thickening in the pericardial tissue that appeared
untransparent in texture with varying degrees of adhesion formation between the suturing
site and surrounding tissues. The histopathological features revealed the formation of new
granulation tissue, inflammatory cells, and fibrinous exudate with blood vessel congestion
in both groups. The inflammatory reaction in the first group appeared more than in the
second group. In conclusion, the suturing of the pericardium with polypropylene is
relatively better than polyglactin.
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Introduction

The pericardium is a sac that encloses the heart. It
consists of external fibrous and internal serous layers. The
serous layer of the pericardium includes a visceral layer
called the epicardium, which covers the heart and big vessel
roots, and a parietal layer covering the fibrous layer of the
pericardium. Between layers, there is a pericardial cavity that
contains pericardial fluids (1). The fibrous layer is a dense
collagenous tissue, while the serous layer is lined with
mesothelial cells that secrete the pericardial fluid (2). The
pericardium has several functions, such as a mechanical role
to protect the heart and greater vessels, and as a lubricant to
decrease the abrasion between surrounding structures and the
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heart (3). In addition, it prevents the occurrence of heart
overfilling, as a barrier to protect the heart from infection,
elevation of cardiac efficiency, generation of pericardial
fluid, and phospholipid surfactants (4). Like, other tissues,
the pericardium may suffer from several affections, such as
pericardial effusion (5). Pericardial effusion commonly
occurs in dogs due to intrapericardial hemorrhages that result
from tumors, idiopathic pericarditis, traumatic causes, and
infections (6-9). Constrictive pericarditis may occur (10).
Generally, some cardiac surgeons prefer to close the
pericardium as much as possible after cardiac surgery, while
others prefer to avoid this practice. Pericardial reconstruction
to repair the defects may be needed following some surgical
operations, such as resections of the lung with partial
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pericardiectomy. However, closing the pericardium by
suturing or using a substitute may protect the heart from
some postoperative complications, such as retrosternal
adhesions and injury (4,11,12), in addition to the
recompartmentalization of the intrapericardial
microenvironment and  improvement of cardiac
hemodynamics (4). Generally, minor pericardial defects that
occur after intrapericardial pneumonectomy or during heart
surgery can be closed by suturing. In contrast, medium or
large-sized  pericardial ~ defects generally  require
reconstruction or pericardioplasty using synthetic or
biological materials (13-16). Polyglactin suture is a synthetic
absorbable suture, composed of glycolic and lactic acids in a
ratio of 9:1. It is more hydrophobic and more resistant to
hydrolysis. The suture is available as a coated suture to
improve its handling characteristics. Its monofilament
structure, gives it a smooth surface that reduces friction
against tissue, minimizes trauma to the tissue, and allows for
easy passage through tissue. In addition, it is characterized
by slow absorption (17-20). Polypropylene suture is a non-
absorbable, monofilament suture. It has the least
thrombogenic sutures, less tissue reaction, and significantly
accommodates tissue swelling. Therefore, it is frequently
used in vascular surgery but is characterized by poor knot
security (21). It also closes tissues with high elongation
capability, such as skin and cardiac muscles (22-24).
However, the main aim of this study is to investigate the
differences between polyglactin as an absorbable suture and
polypropylene as non-absorbable suture in the healing
process of the pericardium, grossly and histopathological.

Materials and methods

Experimental animals

Twelve mature male dogs, aged 2-3 years and weighing
22+1.8 kg, were utilized. All animals were divided into two
main groups. The animals were placed in cages in the
Veterinary Medicine College, University of Mosul.

Ethical approve

The work was agreed upon by the Ethics Committee of
the Faculty of the Veterinary Medicine College, University
of Mosul. No. U.M.VET.2023.005.

Surgical operation

Before anesthesia, atropine sulfate was injected
subcutaneously at a dose of 0.04 mg /kg. Then, general
anesthesia was applied through intramuscular injection of
xylazine (3 mg/kg) and ketamine (10 mg/kg) combination
(25,26). All animals were submitted to the machine of
positive pressure ventilation to prevent lung collapse (27).
Intercostal thoracotomy was dependent on this study to enter
the thoracic cavity and reach the pericardium for each
animal. The left side of the thoracic cage is surgically
prepared to perform the surgical operation. The cutaneous
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incision was done between the 6™ and 7" intercostal space.
The incision was continued via the thoracic cage muscles
until it reached the pleura. Careful incision with non-sharp
scissors was applied to open the pleura and prevent lung
injury (28). In all animals, a 2 cm surgical incision was
created in the pericardium of the heart (Figure 1). In the first
group, the pericardial incision was sutured with (2/0)
polyglactin suture (Green HD, China) using a simple
continuous suture pattern. In contrast, in the second group,
(2/0) polypropylene suture (Braun, Spain) was used to suture
the pericardium using the same suture technique (Figure 2).
Subsequently, the induced surgical wound was sutured
routinely. The experimental animals were injected with
penicillin-streptomycin (1mi/10 kg.) (penicillin 200000 1.U.
+ streptomycin 200 mg/1 ml, Interchemi- Holand) and
metalgen (1ml/ day) postoperatively for five days after the
operation with daily wound dressing.

Figure 2: Shows suturing of pericardium.

Assessment of pericardial healing

The macroscopic and microscopic results were studied to
evaluate the effects of the two suture materials on the healing
process of the pericardium on the 71 and 21st postoperative
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days. The animals were not killed during the study period,
and a small biopsy was obtained from the site of suturing on
each group for histopathological evaluation (28).

Results

Macroscopic results

The gross changes were represented by pounced
adhesion formation between the site of pericardial suturing
and surrounding tissues such as pleura and the internal wall
of the thoracic chest, exactly with the site of operation in both
groups on days 7 and 21 postoperatively. In addition, the
pericardium became thicker, fibrotic, and non-transparent in
both groups (Figures 3 and 4).

Figure 3: Shows thickening of the pericardium with adhesion
formation in the first group.

Figure 4: Shows thickening of the pericardium with adhesion
formation in the second group.
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Microscopic results

In the first group, the histopathological results on day 7
post-operation revealed new development of granulation
tissue, which formed from new angiogenesis with fibroblast
and collagen fibers proliferation. Fibrinous exudate within
the collagen fibers of the pericardium, inflammatory cell
infiltration, congestion of blood vessels, and thickening in
the normal collagen fibers of the pericardium with loss of
some areas of the mesothelium were also observed (Figures
5-7). On day 21, after surgical suturing, the results were
represented by a severe appearance of granulomatous
reaction that's represented by increase in the formation of
granulation tissue with infiltration of cells around suture
material in this group. The proliferation of mesothelium and
thickening of pericardial tissue was also shown (Figures 8-

Figure 5: In the micrograph taken on the 7™ day in group one,
the development of granulation tissue (red color), infiltration
of inflammatory cells (black color), thickening of collagen
fibers (yellow color), loss of mesothelium (blue color), and
fibrin exudate (green color) are visible (H&E, 4X).

Figure 6: Micrograph on the 7™ day in group one showing
fibrinous exudate (H&E, 40X).
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Figure 7: Micrograph on day 7 in group one reveals the
presence of inflammatory cells (black color) and congestion
of blood vessels (red color) (H&E, 10X).

Figure 8: A micrograph taken on the 21% day in group one
shows a granulomatous reaction around the suture material
(H&E, 4X).

Figure 9: Micrograph on the 21% day in group one shows a
granulomatous reaction (black color) around suture material
(red color) (H&E, 10X).
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Figure 10: Micrograph on day 21 in group one shows
infiltration of inflammatory cells (black color), proliferation
of mesothelium (blue color), and thickening pericardial
tissue (red color) (H&E, 10X).

In the second group, the microscopic features on the 71"
day post-operation were also represented by new granulation
tissue formation, thickening in the collagen fibers of the
pericardium, loss of some area of the mesothelium, fibrinous
exudate within collagen fibers of pericardial tissue and
inflammatory cells infiltration (Figures 11-13). On the 21%
day post-operation, the histopathological sections revealed
an increase in the granulation tissues maturation, and a
reduction in the inflammatory cells with more angiogenesis.
The proliferation of mesothelium was noticed (Figure 14-
16). There are no features of severe granulomatous
inflammation.

Figure 11: Micrograph on the 7™ day of the second group
shows new granulation tissue formation (black color) and
infiltration of inflammatory cells (red color) (H&E, 10X).
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Figure 12: In the micrograph taken on the 7 day in group
two, new development of granulation tissue (green color),
fibrinous exudate (blue color), and angiogenesis (red color)
is evident (H&E, 10X).

Figure 15: A micrograph taken on day 21 in the group shows
the maturation of granulation tissue (H&E, 10X).

Figure 13: Micrograph on the 7" day in group two shows
fibrinous exudate (H&E, 40X).

Figure 14: A micrograph taken on the 21% day in group two
shows a maturation of granulation tissue formation around
suture material (H&E, 4X).

Figure 16: Micrograph at 21% day in group two appears
proliferation of mesothelium (H&E, 40X).

Discussion

The main role of suturing is to hold or bind the wound's
edges together in apposition until the healing process is
sufficiently advanced for the wound to be self-supporting.
The mesothelial cells, which coat the serosal layer of the
pericardium, play a vital role in pericardial functions such as
in inflammation, coagulation, fibrinolysis, and tissue repair
(3), where after the occurrence of injury, these cells secrete
different  proinflammatory and  immunomodulatory
mediators including, cytokines, growth factors, chemokines,
coagulation cascade products, prostaglandins, proteolytic
enzymes, reactive oxygen and nitrogen species (29,30). In
both groups, loss of mesothelium with fibrinous exudate was
noticed, in addition to the inflammatory cell infiltration.
These features are due to the secretion of chemokines by
mesothelial cells, which permits the migration of
inflammatory cells into the serosal space (31). After taking
biopsies during pericardiotomy, the degenerative changes
start with the alteration of the shape of mesothelial cells from
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flat shape to cuboidal, infiltration of leukocytes in sub
mesothelial space, mesothelial cells desquamation and
exposure of connective tissue to the intense transmigration
of leukocytes and fibrin deposition (32). In addition,
mesothelial cells have a vital role in resolving inflammation
by regulating specific integrin-mediators involving very late
antigen expression (33). After 21 days from suturing of the
pericardium in both groups, the mesothelial was proliferated
the healing process of the pericardium was completed
relatively after several days through mesothelial cell
proliferation and due to epithelial-to-mesenchymal transition
(EMT), which allows transmigration and normalization of
naked areas. After returning to the principal structure, the
cells will be transformed into a mesothelial-like phenotype
(34).

Generally, the regenerative process of the pericardium
occurs because of contact inhibition loss, the liberation of
some mediators from activated cells, and the repopulation of
the exposed basal tissue by cells free-floating in the
pericardial fluid. The development of adhesions appeared in
this study due to tissue injury during surgery (32). Pericardial
adhesions are formed by denudation of the sub-mesothelial
layer (35). Therefore, fibrinous material, inflammatory cells,
and platelets will be adhered to the denuded surfaces. Also,
fibrinous deposition was developed during cardiac surgery
due to inadequate fibrinolytic activity of mesothelial cells.
Therefore, the mesothelium regeneration and adhesions
between pericardial layers at the deposition sites become
occupied by connective tissue that blood vessels invade.
There are several factors, such as peritoneal infection,
pericardial surgical intervention, hemorrhage of the
pericardium, loss of mesothelial cells, sub mesothelial layer
exposure, profusely of macrophages, and reduced
fibrinolytic action of mesothelial cells may lead to chronic
inflammation of serosal layers and development of adhesion
(36). The thickening of the pericardium appeared in both
groups (37), and many of a vital process that occurs during
the injury of the pericardium where the mesothelial cells
suffered from advanced loss of epithelial phenotype and
change into fibroblast-like characteristics which permits
them to develop fibrosis and new blood vessels formation in
the sub mesothelial area. In addition, TGF-b is considered
the main mediator in the transformation of mesothelial cells.
It helps the profibrotic processes, including, fibroblast
activation, collagen fiber deposition, fibrinolysis process
suppression, and new vessel formation. As the sequel of the
inflammatory process, the bands of connective tissue
developed on the surfaces of the pericardium and covered
fibrin accumulation. The persistent connective tissue
formation after surgery that plugs the pericardial space may
lead to the formation of adhesion of the pericardium (35).
Also showed that during cardiac surgery or the occurrence of
infection, the physiological equilibrium between the creation
and drainage fluid was upset and led to the development of
pericardial effusion. The presence of inflammation that leads
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to the congestion of vessels with fibrin deposition and the
formation of connective tissue on the parietal layer of the
pericardium may cause a mess of the lymphatic drainage and
formation of a state of imbalance (35).

Generally, several kinds of suture materials are used to
close tissues (38). Using synthetic absorbable and non-
absorbable suture materials with good characteristics is
essential, especially sutures with less or no biological
reaction (39). In this study, relatively polypropylene did not
lead to severe tissue reactions than polyglactin, the suture
material used in cardiovascular surgery should have some
properties such as no or less capillarity, inert and tiniest
thrombogenic properties (40). Also showed that surgeons of
the cardiovascular systems had always been reluctant to use
polypropylene, while others found no significant differences
between polypropylene and other absorbable suture
materials (41,42).

Conclusion

It is concluded that polypropylene suture is better than
polyglactin suture foe closing the pericardium after opening
it during heart surgery, and polypropylene doesn’t cause the
severe tissue reaction caused by polyglactin.
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