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summary: The authors demonstrate the possibility of improving surgical results by the reduction of perioperative bleeding 
in thoracic surgery associated with extended resection procedures. We focused on patients in whom the expected periopera-
tive blood loss was greater than 500 ml. The first group consisted of patients with lung cancer stage III A after neoadjuvant 
chemotherapy had been indicated to extend the resection procedure. The second group consisted of patients with chest 
wall and mediastinum tumors of various etiologies. The third group consisted of patients with post-inflammatory thoracic 
complications in whom combined decortication and pleurectomy was necessary. By the using the local hemostyptic Trau-
mastem TAF on the basis of oxidized cellulose, it is possible to minimize the perioperative blood loss, thus sparing the blood 
derivative requirement and enabling surgeons to provide the desired treatment even to high-risk patients.
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introduction

Together with the population’s increasing age and im-
provements in oncological therapy there is still an increasing 
number of patients in whom a large resection procedure is 
needed to be provided definitive treatment. These large types 
of procedures were called “extended operations” by Brock 
in 1948 (2).

one group includes patients indicated for resection pro-
cedure after neoadjuvant chemotherapy for lung carcinoma 
stage III A.

The second group consists of patients with gigantic 
tumors of the thoracic wall. only surgical treatment is 
successful in such cases. The patients are often indicated 
for surgical procedure in late stages with manifestation of 
accompanying symptoms from surrounding structure com-
pression.

The third group consists of patients who have had com-
plicated inflammatory diseases of the lungs and the thoracic 
cavity. For patients such as these, decortication performing 

and pleurectomy, often with atypical pulmonary resection, 
is mandatory.

The patients of these groups require a more demand-
ing perioperative course and it is necessary to expect a 
bigger blood loss from multiple non-surgical sources. It is 
advantageous to use local hemostyptic agents to eliminate 
continuous surgically untreatable bleeding.

materials and methods

Between January 2005 and December 2009 we operated 
on 84 patients from the selected groups (Tab. 1). The first 
group consists of 51 patients with lung carcinoma of III A 
stage (Tab. 2). In the second group there are 19 patients with 
thoracic wall tumors of various etiologies (Tab. 3). The third 
group includes 14 patients with post-inflammatory fibrotho-
rax (Tab. 4).

The first group contains a non-homogeneous set of 32 
men and 19 women of average age 54 ± 14 years. The non-
homogeneity of this group was caused by the fact that 38 
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tab. 1: Set of patients with surgical details

group m F age Peroperative 
bleeding (ml) time of drainage (h) Postoperative 

bleeding (ml)
lung carcinoma 32 19 54 ± 14 830 ± 210 72 ± 9 750 ± 150
TW Tumors 12 7 58 ± 12 920 ± 350 72 ± 12 700 ± 150
Fibrothorax 9 5 48 ± 11 600 ± 150 96 ± 14 1250 ± 200
∑ 53 31

TW Tumors – thoracic wall tumors, M – male, F– female, ml – milliliter, h – hour
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patients had already undergone neoadjuvant chemotherapy, 
while the rest of them had undergone a surgical procedure 
without prior neoadjuvant therapy. The unifying element 
was the oncological classification by TnM criteria, where 
the patients were classified as III A stage. During extended 
surgical procedures the resection is extended to the sur-
rounding tissues (Fig. 1).

The second group is a group of patients with thoracic 
wall tumors consisting of a non-homogeneous group of 
12 men and 7 women of average age 58 ± 12 years. The vast 
majority of these tumors were sarcomas and metastatic ribs 
affection. In two cases there was a peripheral neuroepithelial 
tumor; in one case there was a rare benignant fibrous dyspla-
sia of the ribs and thoracic vertebral bodies. In all patients it 

Fig. 1: Pericardium replacement with Traumastem TAF re-
ticulum after lung resection

Fig. 2: Use of Traumastem TAF during plastic surgery of 
thoracic wall

Fig. 3: Decortication of pulmonary surface in fibrothorax 
treatment

was necessary to perform variously large resections of the 
thoracic wall with consequent plastic surgery.

In the third group 14 patients were operated on in the 
monitored period; 9 men and 5 women in various stages of 
fibrothorax development with an average age of 48 ± 11 year. 

tab. 2: group of 51 operated patients in stage III A for lung 
carcinoma

Performance number Death rate
Pneumonectomy by Allison 24 2
Pneumonectomy + part of left 
atrium resection 8 0

lobectomy + part of thoracic 
wall resection 9 0

lobectomy + part  
of diaphragm resection 9 0

Pneumonectomy + part  
of superior vena cava 1 1

total 51 3

tab. 3: group of 19 patients with thoracic wall tumors

Performance number Death rate 
Resection < than 3 ribs 7 0
Resection > than 3 ribs 4 0
Sternum partial resection 2 0
Resection of ribs + lobectomy 2 0
Resection of ribs + diaphragm 2 0
Resection of ribs 
+ vertebrae bodies 2 1

total 19 1

tab. 4: group of 14 patients with post-inflammatory fibro-
thorax

Performance number Death rate 
Decortication 3 0
Decortication + pleurectomy 7 0
Decortication + pleurectomy
+ atypical lung resection 2 0

Decortication + pleurectomy
+ ribs resection 2 0

total 14 0
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The surgical procedure in all cases consisted of pleurectomy 
of the parietal pleura and decortication of the visceral pleura. 
The procedures were often accompanied with atypical resec-
tion of the pathologically affected pulmonary tissue. After 
such procedures we cannot avoid creation of a large wound 
area after the removal of the thickened or calcified pleura 
from the pulmonary parenchyma surface itself and from the 
inner area of the chest wall (Fig. 3).

results

As a criterion for greater perioperative blood loss, blood 
loss greater than 500 ml was determined.

In the first group the average perioperative blood loss 
was 830 ml ± 210 ml. The dominant sources of bleeding 
were from the pulmonary tissue during pulmonary resection 
procedures and from the chest wall during the extrapleural 
approach to the pulmonary peduncle in the obliterated pleural 
cavity. Both mentioned bleeding sources are not surgically 
well controllable because they have a rich vasculature sup-
ply. These sources could be a persistent source of bleeding in 
the postoperative period. It is possible to reduce the bleeding 
by applying various types of hemostyptic agents, which in 
our study was Traumastem TAF. By the local application of 
this agent the average blood loss through the chest tube was 
750 ± 150 ml over a period of 72 ± 9 hours.

In the second group perioperative blood loss was around 
920 ± 350 ml during 72 ± 9 hours. We assume that such a low 
blood loss through the chest tube during the postoperative 
period was influenced by the use of local hemostyptic Trau-
mastem TAF, which covers the whole resected wound area 
of the chest wall and adjacent the pulmonary tissue (Fig. 2).

Perioperative blood loss in the third group was 600 ± 150 
ml. Post-operative loss, however, (mostly by two inserted 
chest tubes) was 1250 ± 200 ml, with an average time of 
chest tube insertion of 96 ± 14 hours. Also, in this group 
we applied Traumastem TAF directly to the inner area of 
thoracic wall, assuming that after pulmonary parenchyma 

expansion the tight adhesion of the pulmonary tissue with 
the thoracic wall will emerge with disappearance of pleural 
space (Fig. 4).

discussion

Elective surgical procedures in thoracic surgery have 
been moving toward polymorbid patients. In the first group 
of patients with an advanced stage of tumor or patients after 
neoadjuvant chemotherapy, surgical procedures are often 
accompanied with various complications (16). After neoad-
juvant chemotherapy, many infectious complications occur. 
Decreased immunity may participate in these complications. 
There is also a higher mortality rate associated with these op-
erations, nearing 17% (12). The incidence of bronchopleural 
fistulas after resection pulmonary procedures in patients 
without chemotherapy is around 1%, whereas in patients who 
have had chemotherapy it is about 4% (1). Bleeding control 
during surgical procedures with the elimination of blood 
derivative requirements has a positive impact on patient out-
comes (14). In the postoperative period, blood loss through 
the chest tube does not only consist of blood. It is necessary 
to emphasize that it is a total loss of blood, pleural fluid 
hyperproduction and also lymphatic fluid loss after perform-
ing mediastinal lymphadenectomy (7). We can successfully 
eliminate this lymphorrhea by apply local hemostyptic on 
the basis of oxidized cellulose on the paratracheal space area.

Many patients from the second group with giant tumors 
of the thoracic wall presented with neurological dysfunction 
caused by spinal cord compression (6).

In some cases it is necessary to perform an initial lami-
nectomy. Radical removal of the tumor and a plastic of the 
thoracic wall could be provided in the second period. In such 
cases radical resection procedures should be a priority in view 
of the fact that definitive histological diagnosis from bioptic 
examination prior to the operation procedure is not always 
certain (11). For example, in fibrous dysplasia, a determi-
nation of the definitive histological diagnosis is sometimes 
misleading because the dysplasia can be morphologically 
similar to sarcoma (13). It is mostly a benignant disease; 
a malignant transformation occurs in less than 1% of all 
known cases (9). Due to the long-term growth and monstrous 
size of the tumor, compression of the surrounding structures 
is risky. As an example, cases of thoracic outlet syndrome 
occurrence with affection of the first rib are described (6). 
In some cases of peripheral malignant lung tumors we see 
a spreading to the thoracic wall or to the diaphragm. This 
type of tumor growth is seen in about 8% of patients. Even 
if it affects soft parts of the thoracic wall, compressing ribs 
or thoracic bone, the mediastinal lymphatic system is not 
affected by this type of tumor spreading (9). The prognosis 
for operated patients with resection to the macroscopically 
healthy tissue is therefore good (5, 8). Sometimes during 
reconstruction of the thoracic wall or diaphragm we do not 
avoid the use of local hemostyptics to reduce bleeding. The 
use of biologically degradable materials on the basis of oxi-

Fig. 4: Haemostasis of decorticated pulmonary surface by 
using Traumastem TAF
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dized cellulose is also suitable since patients often undergo 
post-operative radiotherapy, where a use of extraneous 
material complicates further treatment (10). The utiliza-
tion of antibacterial properties of Traumastem TAF in these 
cases has a favorable effect on operative wound healing.

In the clinical practice we can find another local haemo-
styptics such as TachoSil®, where two active substances, 
human fibrinogen and human thrombin, are coated onto an 
equine collagen. This is used preferentially to stop the air 
leak from the resected pulmonary tissue (4). The use of the 
local hemostyptics on the basis of polyethylenglycol did not 
prove efficient enough in our practice.

Fibrous changes in the pleural cavity after inflammatory 
processes of various etiologies can significantly increase pa-
tient morbidity. Progression of respiratory insufficiency due 
to pulmonary tissue retraction may occur. Such a process can 
precipitate right heart failure, which in turn can worsen the 
patient’s prognosis. During decortication of the thickened 
visceral pleura and pleurectomy of the parietal pleura we 
do not avoid local bleeding from pulmonary tissue surface 
and from the inner area of the thoracic wall (3). In spite of a 
well-treated primary cause, mainly thoracic empyema, the 
number of post-inflammatory complications is on the rise. 
The spectrum of patients moves to a higher age category 
associated with a high incidence of comorbidites. Therefore, 
the effort to reduce blood derivative requirements by using 
local hemostyptics can play an important role.

Conclusion

Thoracic surgery, as other surgical fields, has been 
brought face to face with serious disorders. The surgeon 
(often as the last step on treatment pyramid), although 
aware of postoperative complications, cannot reject these 
serious disorders. We routinely operate under an antibiotic 
screen of protected coagulum in order to avoid infectious 
complications, thus saving therapeutic administration of an-
tibiotics in the early post-operative period. There is also an 
effort to control blood loss and thus reduce the necessity of 
blood transfers. The methods for saving blood transfers are 
various. The accepted method of hemodilution as well as 
advantages of autotransfusion can be used only in a limited 
group of patients presented here (14). neither methods of 
blood recuperation or use of cell-savers are suitable in these 
cases. It seems that the only method of choice is the use 
of local hemostyptics. The hemostyptic agent on the basis 

of oxidized cellulose Traumastem TAF has effective hemo-
static properties. It is able to stop the bleeding within 2–6 
minutes. The antibacterial effect is reached due to the pH 
decrease in the wound with cellulose biodegradation. This 
mechanism has an effect against a wide spectrum of gram-
positive and gram-negative bacteria. Traumastem TAF has 
the ability to accelerate biochemical processes and therefore 
significantly influences the healing process. Thanks to its 
properties, it surpasses material used in the past at economi-
cally incomparable levels. Finally, we declare that the use 
of Traumastem TAF is not in conflict of interest, but rather 
comes about as a result of our long experience with the fa-
vorable effect of its application.
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