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Introduction: There are many authors who have devoted their time and expertise to find creative ways for an ideal suture of bronchial stump.
Despite their efforts, the bronchial fistula rate reported in the specialty literature remains high, between 2-16%, depending on the author. There
are two methods for closing bronchial stumps: manual and mechanical suture. The aim of this study was to experiment a new technique for
closing bronchial stumps after lung resections.

Material and method: In order to carry out this study we used 15 common rabbits. We performed left inferior lobectomy in these rabbits.
These rabbits were divided into three groups according to the methods used to close the bronchial stump. We used three methods for closing
the bronchial stump: simple running suture, suture of the bronchial stump using two vicryl mesh patches and suture of the bronchial stump
using two heterologous bovine pericardial patches.

Results: We did not notice any cases of bronchial stump fistula. The most important changes that appear during the bronchial stump healing
are: inflammatory response, angiogenesis, hyperplasia of the smooth muscle fibres, migration of fibroblasts and fibrogenesis.

Conclusions: Healing signs appeared on all examined samples, but they were more intensive in the group where we used the heterologous
bovine pericardium for closing the bronchial stump. Some further studies are necessary to examine the effectiveness of the use of heterolo-
gous bovine pericardium to protect the bronho-anastomosis.
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Introduction

Thoracic surgery is regarded to be a branch of surgical inter-
ventions with the highest rate of mortality and morbidity.
One of the main causes of increased morbidity and mortal-
ity in patients who underwent pulmonary resection is the
occurrence of bronchial fistula. There are many authors who
have devoted their time and expertise to find creative ways
for an ideal suture of bronchial stump. Despite their efforts,
the bronchial fistula rate reported in the literature remains
high, between 2-16%, depending on the author.

There are two methods for closing the bronchial stump:
manual suture and mechanical suture. The aim of this study
is to experiment a new technique for closing the bronchial
stump after lung resections.

Material and methods

The study was conducted in the Bio Base of the University
of Medicine and Pharmacy, Tg. Mures. We obtained the
approval of the Ethical Research Committee of our Uni-
versity. For our study we used 15 rabbits. We performed
left inferior lung lobectomy in these rabbits by using left
thoracotomy.

Anesthesia was performed by the administration of
ketamine (35mg/kgc) and Xylazine (10 mg/ kg), and we
also performed naso-tracheal intubation [1]. In order to
maintain anesthesia we used halothane intraoperatively.

The used intraoperative fluid intake was 10 ml/kg/h.

The section of the bronchial stump was performed in
block at the same time with the vessels of the left inferior
lobe. At that time we could not access a microsurgery kit,
which was the reason why we decided to close the bron-
chial stump in that manner.

The 15 rabbits were divided into 3 groups:

» Group A: 5 rabbits that underwent the bronchial
stump closure using running suture with 5.0 prolene
thread

» Group B: 5 rabbits that underwent the bronchial
stump closure using isolated suture with 5.0 prolene
thread armed with two patches of vicryl mesh placed
on both sides

» Group C: 5 rabbits that underwent the bronchial
stump closure using isolated suture with 5.0 prolene
thread armed with two patches of heterologous bovine
pericardium placed on both sides

The closure of the thorax was performed in anatomical lay-
ers. We did not use pleural drainage due to the risk of ac-
cidental extraction of the drainage tube. We applied as an
alternative solution a loose suture to prevent postoperative
pneumothorax.

Postoperative feeding was resumed in the second day.
The experimental animals were treated with analgesics,
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Fig. 1. Intraoperative aspect of the bronchial stump
antibiotics and anticoagulants. These animals were eutha-
nized on postoperative day 10, by inhalation of ether.

We performed autopsy in all studied animals. During
autopsy we removed the trachea in block with both lungs.
The pathohistological pieces were included in paraffin
then sectioned and stained by using Hematoxilin-Eozin,
Tricrom-Masson and Van Giesson.

Results
The postoperative clinical evolution of the experimental
animals was favourable. We had no cases of death in our
group of animals. At autopsy, we found in all animals the
signs of mild lung atelectasis due to the fact that we did
not use the pleural drainage. We also noticed the presence
of an inflammatory syndrome that affected the pleural cav-
ity. The inflammatory syndrome has affected especially the
group of animals that underwent the closure of the bron-
chial stump using a patch of bovine heterologous pericar-
dium or vicryl mesh.

In those cases where the bronchial stump was closed
with vicryl mesh we noticed an intense process of adhesion

Fig. 2. Tricrom Masson, Ob 4x, bronchial stump closed using
heterologous pericardium

between the lung and the thoracic wall and between the
bronchial stump and surrounding tissues.

During the microscopic examination we observed an
intense inflammatory infiltrate with multiple lymphocytes
and plasma cells. We noticed this aspect on all examined
preparations (Figure 2). We also observed that the most
intense inflammatory response appeared in those cases
where the bronchial stump was closed using heterologous
pericardium.

Ten days subsequently to surgery we observed the ap-
pearance of hyperplasia in the smooth muscle fibers from
the bronchial wall. We also noticed the appearance of a
neo-chondrogenesis process (Figure 3). We observed that
at 10 day postoperatively the granulation tissue was also
present. We examined this tissue both from the endobron-
chial and peribronchic point of view (Figure 3). Those as-
pects were more obvious in case of bronchial stump closed
with heterologous pericardium.

In case of lung parenchyma situated in close proximity
to the bronchial stump we observed a process of bronchyec-

Fig. 3. Hematoxilin-Eozin, Ob 2x, bronchial stump closed using
heterologous pericardium

Fig. 4. Hematoxilin-Eozin - bronchial stump closed using heter-
ologous pericardium
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Fig. 5. Van Giesson, Ob 4x, bronchial stump closed using heter-
ologous pericardium

tasia (Figure 4). We also noticed an increased density of the
small vessels along the lamina propia and small bleedings at
that level (Figure 4). This increased number of vessels was a
sign that the process of angiogenesis had started.

The repairing process of the bronchial stump started
10 days after surgery. As a sign of this process we observed
that the sutured zone is covered by bronchial epithelium
(Figure 5). This phenomenon of re-epitelization is mostly
present in cases where the bronchial stump is closed with
heterologous pericardium.

The extracellular matrix was denser in those cases
where the bronchial stump was closed by using simple run-
ning suture or vicryl mesh (Figure 6) compared to those in
which the bronchial stump was closed by using heterolo-
gous pericardium (Figure 7). The extracellular matrix in
those cases was quite loose.

Discussions
During the last 70 years multiple types of bronchial stump
closures have been applied. Despite all efforts the incidence
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Fig. 7. Hematoxilin-Eozin, Ob 2x, bronchial stump closed using
heterologous pericardium

Fig. 6. Hematoxilin-Eozin, bronchial stump closed using simple
running suture

of bronchial stump fistula is still high [2]. Our purpose was
to experiment a new way of closuring the bronchial stump.
In order to perform this study we relied on the idea that
the bronchial stcump technique followed the specific steps
of a normal tissue healing in our body.

Some authors consider that the formation of the granu-
lation tissue represent the key point in the bronchial stump
healing [3]. But, the achievement of an adequate bron-
chial stump scar is a complex process that can be affected
by many factors. There are many negative factors that can
influence the bronchial stump healing: insufficient vascu-
larization of the bronchial stump, mechanical factors, im-
mune reaction.

In 1942, Rienhoff recommended the cover of the bron-
chial stcump using parietal pleura. Other authors recom-
mend the cover of the bronchial stump using pectoralis
major muscle flaps, diaphragm flaps, azigos vein flaps. In
our study it was used the same principle for covering the
bronchial stump.

Topolnitskiy (2009) considers that the external conten-
tion promotes the healing of the bronchial stump because
it ensures an adequate closure of the stump.

We observed a process of adhesion of the bronchial
stump to the surrounding structures in those groups where
the bronchial stump was closed using heterologous peri-
cardium or vicryl mesh. In the group where we practiced
a simple running suture of the bronchial stump we did not
observe this adhesion process.

The adeshion of the bronchial stump to the surround-
ing tissues can prevent the appearence of the pleural em-
piema in case of bronchial stump fistula. It is well known
that the pleural empiema increases the morbidity and the
mortality of patients [4].

According to the speciality literature, it is well known
that the first step in the healing process is the inflamma-
tory response. We noticed that response in our study too,
but we observed that the intensity of the inflammatory re-
sponse was much higher in those groups where the bron-
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chial stump was closed using heterologous bovine pericar-
dium.

Many authors consider that there is no significant dif-
ference between the manual or the mecanical suture of the
bronchial stump concerning the incidence of the bronchial
stump fistula [5]. On the other hand, other authors con-
sider that the formation of granulation tissue in the bron-
chial stump is more evident in case of manual suture com-
pared to the mechanical one [6].

10 day postoperatively, we observed in all examined
samples the presence of neo-angiogenesis. We also ob-
served slight bleeding in the lamina propia of the bron-
chus. Angiogenesis can be considered an intermediate step
in the healing of the bronchial stump. The phenomenon of
angiogenesis was more evident in those samples that were
harvested from the bronchial stcumps sutured with hetere-
logous bovine pericardium.

In the group where the bronchial stump was closed
using heterelogous pericardium we observed that the ex-
tra cellular matrix was very loose compared to the other
groups. We know that in the healing process fibroblasts
migrate to the extracellular matrix and participate in the
collagen synthesis. As the extra cellular matrix is more lax,
the migration of fibroblasts occurs even easier [7,8].

We observed on the examined samples the presence of
hyperplasia of smooth muscle fibers also discussed in the
speciality literature by other authors [9]. We also noticed
the emergence of neo-condrogenesis as a new phenome-
non. We observed in the group where we used the simple
running suture that the neo-condrogenesis in the bronchi-
al stump was isolated compared to the other study groups.

The formation of the granulation tissue was present in
all examined samples. In the speciality literature it is well
known that the formation of the granulation tissue is a clear
marker of tissue healing. We observed that the granulation
tissue was present both inside and outside (surrounding it)
the bronchus.

10 days postoperatively we observed that the re-epiteli-
sation of the bronchial stump is present. The re-epitelisa-
tion of the bronchial stump is much more present in those
samples where the bronchial stump is closed using heterol-
ogous pericardium. A process that is similar to re-epiteliza-
tion of the bronchial stump is the re-endotelization of the
heterologous bovine pericardium grafts in vascular surgery
[10].

In time, the bovine heterologous pericardium under-
goes calcification [11,12,13]. We did not observe the cal-
cification of the bronchial stump in our samples probably
because we euthanized our experimental animals in the
10th day postoperatively. The calcification of the bronchial
stump may increase its resistance that can be favourable in
the long term outcome.

It is known that the fistula of the bronho-anastomosis
after lung transplantation is responsable for a mortality
rate of 2-5% [14]. It is possible that the use of heterolo-
gous bovine pericardium to protect the bronho-anastomo-
sis may reduce the incidence of bronho-anastomosis fistula
in such cases.

Conclusions

The most important changes that appear in the bronchial
stump healing are: the inflammatory response, angiogen-
esis, hyperplasia of the smooth muscle fibres, migration of
fibroblasts and fibrogenesis. These changes emerged on all
the examined samples, but their intensity was higher in the
group where we used the heterologous bovine pericardium
when closing the bronchial stump. Further studies are nec-
essary to examine the efficiency of the heterologous bovine
pericardium to protect the bronho-anastomosis.
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