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APPLICATION OF BIOLOGICAL TISSUE REPAIR STIMULATOR AND SEALANTS IN 
SURGICAL TREATMENT OF BRONCHOPLEURAL FISTULAS

E.A. Galliamov1, A.V. Nikulin1, T.V. Khorobrykh2, T.R. Gogokhia2, A.V. Grachalov2.
1City Clinical Hospital №23 named after I.V. Davydovsky, Moscow Department of Public Health.

2Lukomskii Department of Faculty Surgery N2 of the Sechenov First Moscow State Medical University, Ministry of Healthcare of Russia 
(Sechenov University), Moscow.

Abstract.
The aim of the study was to increase the effectiveness of surgical 

treatment of patients with pleural empyema complicated by the 
development of bronchopleural fistula due to the personification 
of the surgical approach to treatment. 

Materials and methods: The cohort observation group 
consisted of 136 patients who were treated at the I. V. 
Davydovsky State Clinical Hospital No. 23 for pleural empyema 
complicated by bronchopleural fistula. The main group included 
patients in whom a biological stimulator of local tissue repair 
(BSRMT) was used to treat EP with BPS. The comparison 
group included patients who used the installation of a valvular 
broncho blocker for the treatment of EP with BPS. Results: the 
effectiveness of the use of fibrin glue ranged from 57.1% to 
86.4%, depending on the etiology of the EP. The effectiveness 
of broncho location ranges from 80% to 84.2%. The greatest 
effectiveness was observed with the simultaneous use of fibrin 
glue and broncho blocking. 

Conclusion: The use of biological stimulants based on 
fibrinogen and growth factors may be effective in the treatment of 
various nosologies of the thoracic profile. Fibrin glue, obtained 
from its own blood plasma, has good adhesion indicators, is 
biologically inert, in addition, it has the property of stimulating 
repair, which is extremely important in the treatment of such 
pathology as bronchopleural fistulas. However, the issue of the 
use of fibrin glue and other sealants requires further study.

Key words. Pleural empyema, bronchopleural fistula, 
bronchial stump failure, covid-19, fibrin glue, biological 
stimulators of tissue repair.
Introduction.

Tissue sealants have long been used in various fields of 
medicine, including cardiovascular surgery, neurosurgery, 
and plastic and reconstructive surgery [1-8]. At the same time, 
the use of blood auto plasma-based fibrin glue as a biological 
stimulator of tissue repair in thoracic surgery, rather than as a 
sealant, has been insufficiently studied. Sealants can be divided 
into two main groups: biological and synthetic. Fibrin sealant 
(fibrin glue) is a biological adhesive used for final hemostasis 
and aerostasis of lung tissue not due to adhesive properties, but 
due to stimulation of local tissue reparation, which distinguishes 
it from synthetic sealants. Synthetic sealants (adhesives) include 
polyethylene glycol adhesives, albumin-formaldehyde adhesives 
and adhesives based on cyanoacrylates. The disadvantages of the 
latter are poor biocompatibility and degradability. In addition, 
the long-term effects of cyanoacrylate adhesive residues on lung 
tissue require further investigation [9-11].

Research aim: to analyze the effectiveness of surgical 
treatment of patients with pleural empyema complicated by 
bronchopleural fistula development by means of personification 
of the surgical approach to treatment, introduction of fibrin glue 
(auto cryoprecipitate) into practice of pleural empyema with 
bronchopleural fistula treatment.
Materials and Methods.

The cohort observation group included 136 patients treated 
in the City Clinical Hospital №23 named after I.I. Mechnikov 
of the Dzerzhinsky district hospital. V. Davydovsky City 
Clinical Hospital №23 for pleural empyema complicated by 
bronchopleural fistula. The main group consisted of patients 
in whom a biological stimulator of local tissue repair (fibrin 
glue) was used to treat empyema with fistula. Some patients (7 
persons) in whom air discharge through the drainage persisted 
for 5 days after the fibrin glue injection, required additional 
broncho blocker installation. It should be emphasized that for the 
treatment of this group of patients A holistic treatment approach 
using the concept of biological stimulation of tissue repair 
through the use of fibrin glue obtained by cryoprecipitation is 
used. Auto cryoprecipitate, due to fibrinogen and associated 
complex of growth factors, as well as immunoregulatory agents, 
has a pronounced stimulating effect on local tissues through the 
growth of local granulation tissue, which contributes to the 
closure of the fistula between the bronchial tree and the pleural 
cavity. Thus, the closure of the fistulous passage, the cornerstone 
of treatment of pleural empyema of any etiology, is achieved by 
fibrin glue, acting not as a sealant, but as a stimulating factor in 
the regeneration of own tissues. The comparison group included 
patients who were treated for pleural empyema with broncho-
pleural fistula using a valve broncho blocker. 

Method description: during thoracoscopy, after revision and 
sanation of the empyema cavity, auto cryoprecipitate glue (3-
5ml) was injected directly into the area of the bronchopleural 
fistula. Apart from post-resection pleural empyema, in 
this category of patients injections were performed in the 
submucosal layer endobronchially. In all patients the number 
of injections was 1, with the exception of the group of post-
resectional empyemias, in which in the absence of hermeticity 
within 5 days after the first injection a second injection was 
performed and a broncho blocker was placed.
Results.

The effectiveness of the methodology is presented in Table 1.
The effectiveness of the fibrin glue ranged from 57.1% 

to 86.4%, depending on the etiology of the empyema. The 
effectiveness of broncho blocking ranged from 80% to 84.2%. 
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The highest efficacy was observed with the simultaneous use of 
fibrin glue and broncho locations.
Discussion.

Attempts have been made to develop alternative adhesive 
compositions, e.g., N. Kawaiet et al. created an adhesive based 
on gelatin and glutaric aldehyde with high adhesive strength and 
good biocompatibility, which, according to the authors, exceeds 
fibrin adhesion strength by 2-3 times [12]. J. Kuckelmanet et al. 
conducted an experimental study on the effectiveness of pectin-
based bio adhesives for the treatment of alveolar insufficiency 
[13].

Cyanoacrylate adhesives such as Bio Glue are as effective 
in treating alveolar insufficiency as fibrin glue, but there are 
a number of differences. The cyanoacrylate-based glue has 
a rigid and inelastic structure that does not expand with the 
underlying lung. In addition, within 2 years (resorption time of 
the drug), there is a risk of developing a foreign body reaction 
and infectious complications, and even a potential risk of blood-
borne disease transmission from cattle [14-17].

R. Silva, et al. used cyanoacrylate glue as a pulmonary 
embolism [18].

D. Lim, et al. describe a percutaneous cyanoacrylate glue 
injection method for treatment of bronchopleural fistulas. The 
authors report success in all cases (n=7) [19].

M. Carvalhoet, et al. compared fibrin glue and cyanoacrylate 
in a pilot study in rabbits and concluded that both sealants were 
equally effective, but a more pronounced local inflammatory 
response was observed in the cyanoacrylate group [20].

Fibrin glue, from allogeneic human plasma obtained from 
several donors, is the most commonly used in clinical practice. 
Despite the prevention of infectious complications, there is a 
possibility of infection by viruses such as human parvovirus B19 
and viruses of hepatitis B, C. In addition, the use of allogeneic 
fibrin glue can lead to anaphylaxis due to the addition of bovine 
aprotinin in order to stabilize the clot.  The incidence of this 
complication is 2.8%. In these circumstances, autologous fibrin 
glue may be a good alternative [3,21].

According to M. Kawashima et al, the use of autologous fibrin 
glue is as effective as allogeneic glue. The authors concluded 
from 118 lobectomies and 89 segmentectomies that the use 
of AFG in the treatment of alveolar insufficiency in patients 
undergoing lobectomy or segmentectomy is effective and that 
AFG can be a good alternative to allogeneic fibrin glues [3].

In thoracic surgery, FC is mainly used for definitive hemostasis 
during surgical procedures, prevention of alveolar insufficiency 
and closure of bronchopleural fistulas [4,9,10,14-17,22-33].

The first attempts to use fibrin glue to treat alveolar 
insufficiency were made at the end of the 20th century. For 
example, in 1983. R. Turk et al. in his experimental and clinical 
works showed the effectiveness of fibrin glue in the treatment of 
alveolar insufficiency, and also as induction of pleurodesis [34]. 
Meisner et al. in 1982 used FC to seal the sutures and achieve 
definitive hemostasis [28]. H. Waclawiczeket. et al. as early as 
1985 in a pig experiment proved the efficacy of fibrin glue for 
the treatment of bronchial stump defects after pneumonectomy 
[35]. J. BERGSLAND in 1986, P. McCarthy et. al. in 1988 
concluded that FC is effective in the treatment of alveolar 
insufficiency [33,36,37].

Prolonged alveolar insufficiency (DAN) is considered to be 
air flow by drainage over 7-10 days after surgery. Pulmonary 
emphysema is a risk factor the development of respiratory 
failure. This complication occurs in almost half of patients after 
surgery for bullous emphysema and about 15% after all thoracic 
surgery. In most cases this complication resolves within a few 
days with drainage (active or passive) of air leaks are benign and 
resolve within a few days with proper drainage management. 
In addition to increased hospital stay, this complication can in 
some cases lead to complications, including pleural empyema. 
The authors concluded that autologous fibrin sealant applied 
intraoperatively to strengthen the sutures significantly reduces 
the severity of alveolar insufficiency and the duration of chest 
drainage [10,15,23-25,27,29,31,38,39].

J. Cho. et. al. on the basis of a study of 18 patients with 
prolonged alveolar insufficiency in patients after lung resections 
concluded that fibrin glue administration under pleurography 
control had a good effect, as only one patient required surgery 
to eliminate alveolar insufficiency [40].

H. Oishi et al. propose an original method of treating exudative 
pleurisy and alveolar insufficiency in the early postoperative 
period, which consists in injecting fibrin glue into the pleural 
cavity. One of the reasons, according to the authors, why this has 
had a positive effect and the residual cavity is quickly obliterated 
is that, unlike chemical pleurodesis, fibrin glue injection into the 
pleural cavity does not induce an inflammatory response in the 
patients, manifested by fever and pain syndrome [26].

The Vivostat system (VivostatA/S, Denmark) is a system for 
the preparation and application of fibrin glue made from the 
patient's own blood. The vivostat system produces a sealant 
with excellent elastic properties and 50% resorption within 5 
days (animal models) [15,30].

Several authors have used fibrin glue in combination 
with polyglycolic acid (Polyglycolic Acid) PGA sheets for 
intraoperative repair of alveolar insufficiency. They concluded 

Number of patients with 
empyema with broncho-
pleural fistula (n=136)

Parapneumonic pleural empyema 
(n=76)

Post-resection pleural empyema 
(n=11) Pleural empyema after covid-19 (n=49)

Video thoracoscopic 
glue injection

81.57% (38 people effectively, 7 added 
bronchodilator)

57.1% (7 effectively, 3 added 
bronchodilator) (endobronchial)

86.36% (22 people,3 added 
bronchodilators)

Thoracoscopy injection 
Glue + bronchodilator 85.7% (7 persons effective, 1 fatality) 100% (3 effective) 100% (3 effective)

Thoracoscopy + 
bronchodilator 84.2% (38/ 5 no effective +1 fatality) 80% (5/1 no effective) 81.48% (27 effective/5 ineffective)

Table 1. The effectiveness of the methodology.
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that this combination significantly reduced the duration of 
alveolar insufficiency in the early postoperative period and the 
resulting drainage time compared to using fibrin glue alone. The 
use of a fibrin glue patch together with PGA in the experiment 
was able to withstand pressures up to 100 mm of water column 
[21,24,27,41].

There are cases in the literature where fibrin glue has been used 
to treat bronchial anastomosis failure after lung transplantation. 
For example, W. Brandenet et al. describe a case of successful 
treatment of this formidable complication using endobronchial 
application of fibrin glue for bronchial anastomosis failure.  The 
authors report that the incidence of bronchial anastomosis failure 
in bilateral lung transplantation is less than 2%  microcirculatory 
disturbances in the anastomosis area, immunosuppression, and 
local infections as risk factors for this complication. In similar 
circumstances, fibrin glue has been used to treat bronchopleural 
fistulas after lobectomy or pneumonectomy with 35-66% 
efficacy. The authors concluded that the method described can 
be used in patients in whom other treatments, such as airway 
stenting and/or repeat surgery, are inapplicable [42].

An interesting method of bronchopleural fistula treatment 
has been proposed by A. Fiorelli et al. The authors performed 
intrapulmonary and intrabronchial fibrin glue injections by 
flexible endoscopy with good effect in situations where other 
endoscopic treatments, such as bronchial valve placement 
and intrabronchial application of FC, were unsuccessful. The 
authors emphasize that the method can be effective only in the 
absence of suppurative pleural inflammation, besides the fibrin 
clot is completely resolved within 14 days after the injection [43].

Worth mentioning is also the data of V. Egorov et. al. Egorov, 
et al. who used injections of cultured human allogenic fibroblasts 
into submucosa layer[44,45].

M. Iwasaki et al. describe a case of successful closure of 10 
mm bronchopleural fistula after right lower lobectomy with 
endoscopic injection of fibrin glue, thoracostomy, application 
of polyglycolic acid plate on area of bronchopleural fistula and 
treatment of residual cavity with NPWT [46].	

For example, K. Ishikawa et al. recommend the use of fibrin 
glue to close bronchopleural fistulas up to 3 mm [32]. 

The literature also describes very exotic ways of treating 
bronchopleural fistulas. For example, L. Duranti et al. reports 
a case of bronchopleural fistula of the right main bronchus 
stump one month after pneumonectomy. The patient underwent 
bronchoscopic injections of fibrin glue into the submucosa, 
Amplatzer, Negative Pressure Wound Therapy (NPWT), 
omentoplasty, and an omentoracostomy, but the fistula could 
not be closed. After unsuccessful. The decision was made to fill 
the right pleural cavity with granulated sugar. The authors claim 
clinical recovery [47].

H. Takagi et. al. cites an observation of the use of FC in 
Jehovah's Witnesses to reduce the volume of blood loss [48].

According to A. Chernousov et. al. who used glue in the 
treatment of patients with various types of unformed intestinal 
fistulas, it contributes to the optimization of both humoral and 
cellular immunity indicators. In addition, FC is capable of 
correcting secondary immunodeficiency [7].

Our first experience with fibrinogen-based biological stimulator 
of tissue regeneration in the treatment of bronchopleural fistulas 
in patients with pleural empyema showed encouraging results. 
Moreover, the fibrinogen glue was used not as a sealant but as 
a stimulator of tissue regeneration. The results obtained require 
further accumulation, analysis, and study.
Conclusions.

The use of biological stimulators on the basis of fibrinogen 
and growth factors might be effective in treatment of different 
thoracic nosologies in combination with other treatment methods 
(broncho blocking, thoracoscopic resection etc.). Fibrin glue, 
obtained from the own blood plasma, has good indicators of 
adhesion, is biologically inert, in addition, it has the property 
of stimulating reparation, which is extremely important in the 
treatment of such pathologies as bronchopleural fistulas.
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Резюме
ПРИМЕНЕНИЕ БИОЛОГИЧЕСКОГО 

СТИМУЛЯТОРА РЕПАРАЦИИ ТКАНЕЙ И 
ГЕРМЕТИКОВ В ХИРУРГИЧЕСКОМ ЛЕЧЕНИИ 
БРОНХОПЛЕВРАЛЬНЫХ СВИЩЕЙ

Э.А. Галлямов, А.В. Никулин, Т.В. Хоробрых, Т.Р. 
Гогохия, А.В. Грачалов

Цель исследования: Повысить эффективность 
хирургического лечения больных с эмпиемами плевры, 
осложненной развитием бронхоплеврального свища за счет 
персонификации хирургического подхода к лечению.

Материалы и методы: Группу когортного наблюдения 
составили 136 больных, находившихся на лечении в ГКБ 
№23 им И. В. Давыдовского по поводу эмпиемы плевры, 
осложненной бронхоплевральным свищом. В основную 
группу вошли пациенты, у которых для лечения ЭП с БПС 
применялся биологический стимулятор репарации местных 
тканей (БСРМТ). В группу сравнения вошли пациенты, 
которым для лечения ЭП с БПС применялась установка 
клапанного бронхоблокатора.

Результаты: эффективность применения фибринового 
составила от 57,1% до 86,4% в зависимости от этиологии 
эмпиемы. Эффективность бронхоблокации от 80% 
до 84,2%. Наибольшая эффективность наблюдалась 
при одновременном применении фибринового клея и 
бронхоблокации. 

Заключение: Использование биологических 
стимуляторов на основе фибриногена и ростовых 
факторов могут оказаться эффективными в лечении 
различных нозологий торакального профиля в том числе 
в сочетании с другими методами лечения (броноблокация, 
торакоскопическая санация и т.д.). Фибриновый клей, 

полученный из собственной плазмы крови, обладает 
хорошими показателями адгезии, биологически инертен, 
кроме того он обладает свойством стимуляции репарации, 
что крайне важно в лечении такой патологии как 
бронхоплевральные свищи. 

Ключевые слова: эмпиема плевры, бронхоплевральный 
свищ, несостоятельность культи бронха, ковид-19, 
фибриновый клей, биологические стимуляторы репарации 
тканей
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ტ.რ. გოგოხია, ა.ვ. გრაჩალოვი 

1სახელმწიფო საბიუჯეტო ჯანდაცვის დაწესებულება 
„ქალაქ მოსკოვის ჯანდაცვის დეპარტამენტის ი.ვ. 
დავიდოვსკისსახელობის№23 საქალაქო კლინიკური 
საავადმყოფო“. 

2რუსეთის ჯანდაცვის ი.მ. სეჩენოვის სახელობის 
პირველი მოსკოვის სახელმწიფო სამედიცინო 
უნივერსიტეტის ლუკომსკის სახელობის №2  ქირურგიის 
ფაკულტეტის კათედრა (სეჩენოვის უნივერსიტეტი), 
მოსკოვი

აბსტრაქტი 
კვლევის მიზანი:ბრონქოპლევრალური ფისტულის 

განვითარებით გართულებული პლევრის ემპიემის 
მქონე პაციენტების ქირურგიული მკურნალობის 
ეფექტურობის გაზრდამკურნალობისადმი 
ქირურგიული მიდგომის პერსონიფიკაციის ხარჯზე.

მასალები და მეთოდები: კოჰორტული დაკვირვების 
ჯგუფი შედგებოდა 136ავადმყოფისგან, რომლებიც 
მკურნალობდნენ ი.ვ. დავიდოვსკის სახელობის 
№23 საქალაქო კლინიკურ საავადმყოფოში პლევრის 
ემპიემასთან დაკავშირებით, რომელიც გართულებული 
იყო ბრონქოპლევრალური ფისტულით. ძირითად 
ჯგუფში შევიდნენ პაციენტები, რომლებშიც პლევრის 
ემპიემის სამკურნალოდ ბრონქოპლევრალური 
ფისტულით გამოიყენებოდა ადგილობრივი 
ქსოვილების რეპარაციის ბიოლოგიური სტიმულატორი. 
შედარების ჯგუფში შევიდნენ პაციენტები, რომლებშიც 
პლევრის ემპიემის სამკურნალოდ ბრონქოპლევრალური 
ფისტულით გამოიყენებოდა სარქვლოვანი 
ბრონქობლოკატორის დანადგარი. 

შედეგები: ფიბრინის წებოს გამოყენების 
ეფექტურობამშეადგინა 57,1%-დან 86,4%-მდე, პლევრის 
ემპიემის ეტიოლოგისმიხედვით. ბრონქობლოკაციის 
ეფექტურობა 80%-დან 84,2%-მდეა. ყველაზე დიდი 
ეფექტურობა აღინიშნებოდა ფიბრინის წებოს და 
ბრონქობლოკაციის ერთდროულად გამოყენებისას. 

დასკვნა: ფიბრინოგენზე და ზრდის ფაქტორებზე 
დაფუძნებული ბიოლოგიური სტიმულატორების 
გამოყენება შეიძლება ეფექტური იყოსტორაკალური 
პროფილის სხვადასხვა ნოზოლოგიის მკურნალობაში. 
ფიბრინის წებოს, მიღებულს საკუთარი სისხლის 
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პლაზმიდან, გააჩნია ადჰეზიის კარგი მაჩვენებლები, 
ბიოლოგიურად ინერტულია, გარდა ამისა გააჩნია 
რეპარაციის სტიმულირების თვისება, რაც ძალიან 
მნიშვნელოვანია ისეთი პათოლოგიის მკურნალობაში, 
როგორიცაა ბრონქოპლევრალური ფისტულა. თუმცა, 

ფიბრინის წებოს და სხვა ჰერმეტიკების გამოყენების 
საკითხი საჭიროებს შემდგომ შესწავლას. 

საკვანძო სიტყვები: პლევრის ემპიემა, 
ბრონქოპლევრალური ფისტულა, ბრონქული ღეროს 
უკმარისობა, კოვიდ-19, ფიბრინის წებო, ქსოვილების 
რეპარაციის ბიოლოგიური სტიმულატორები
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