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For last decades the frequency of post-operation complications has been high and has not had any vivid tendency to decreasing being the main reason of lethality of this group of patients [10]. All researchers are unanimous in the opinion that purulent-septic complications and mostly bronchopleural fistulas and postoperative pleural empyemas prevail among postoperative complications after surgical operations on the lungs [2; 6; 8; 9; 14]. The frequency of these complications has no tendency to decreasing due to the rising amount of indications to surgical treatment of lung diseases, growing number of elderly patients and an increasing part of extensive and combined operations in last few years [3, 5, 7, 11, 12,13]. Presence of a bronchial fistula complicates the treatment of empyema by preventing from creation of vacuum necessary for the spread of the lung and makes it impossible to sanify the cavity of empyema [1, 4]. Surgical operations aimed at deletion of pleural empyema are traumatic and characterized by high frequency of postoperative complications, recanalization of a bronchial fistula and reactivation of tuberculosis. Early and safe closure of a bronchial fistula is a necessity for a successful treatment of pleural empyema and in some cases enables to avoid repeated operation.


The aim of the current research is improving the effectiveness of complex treatment of postresectional empyemas and residual cavities with bronchial fistulas by a method of transbronchial electrocoagulation of a bronchus on its length (Patent №2173098 10/10/2001“A method of treatment of pleural cavity empyemas”).
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Drawing 1. The scheme of the stages of electrocoagulaton

a) bronchoscopy is being conducted

b) dye stuff introduced through a drainage into residual cavity is coming into the bronchus

c) electrocoagulation is being held

Half the successful use of the method is a safe visualization of sinus bronchus (Drawing 1). The traditional method of introducing a dye stuff into residual pleural cavity for detecting a fistula is not always informative especially in case of a small hole and the lack of fluid pressure in the pleural cavity (Drawing 2). We have elaborated a method of visualization of a fistula by transthoracic introduction of a mixture of 3% solution of hydrogen peroxide and 1% solution of brilliant green in proportion of 10:1 into cavity of empyema. This solution creating foam raises the pressure in the cavity and provides entry of the dye stuff into the sinus bronchus which is controlled through bronchofiberscope (Drawing 3). Following electrocoagulation is conducted through bronchofiberscope under visual control and the main electrode as a special probe is led into the sinus bronchus up to jamming, after coagulation of sinus bronchus on its length is held (Drawing 4, 5). After elecrtocoagulation edema of bronchus wall takes place, ventilation of the sinus bronchus stops (Drawing 6) and then follows scarring of the fistula (Drawing 7).

Patient D., 34. Diagnosis: condition after atypical resection S6 of left lung upon multiple tuberculomas. Bronchopleural fistula. Residual pleural cavity.
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	Drawing 2. Endophoto.

Patient D., 34. Bronchus of basal pyramid of left lung
	Drawing 3. Endophoto.

Patient D., 34. Visualisation of a fistula by elaborated method
	Drawing 4.Endophoto.

Patient D., 34. Electrocoagulation of the bronchial fistula
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	Drawing 5. Endophoto.

Patient D., 34. View of BS8 after electrocoagulation 
	Drawing 6. Endophoto.

Patient D., 34. Mouth of BS8 in 3 days after electrocoagulation
	Drawing 7.Endophoto.

Patient D., 34. Mouth of BS8 in 2 months after electrocoagulation


Analyzed below are the results of treatment of 145 patients operated upon destructive lung tuberculosis. The main group was comprised of 77 patients who endured transbronchial closure of fistula by the method mentioned above. The compared group was comprised of 68 patients treated by traditional methods: puncture, drainage of pleural cavity, occlusion of the bronchus by foam-rubber obturator. Analyzed groups of patients were comparable from the point of view of sex, age, forms and complications of lung tuberculosis, accompanied pathology. 47 (61,0%) of the main group and 42 (61,8%) of the compared group suffered fiber-cavernous tuberculosis. Lung tuberculomas were found in 27 cases (35.1%) of the main group and 23 cases (33.8%) of the compared group. Cirrhotic tuberculosis was observed in 3 cases (3.9%) in the main group and 3 cases (4.4%) in the compared group. Both lungs were affected in 38 cases (49.3%) in the main group and 11 cases (16.1%) in the compared group. Difference is statistically important (p<0.001).

The predominant form of lung disease is fiber-cavernous tuberculosis. Fiber-cavernous tuberculosis is characterized by presence of at least one cavern but more often several ones, fiber-sclerotic changes and foci of bronchogenic and lymphogenous dissemination into lung tissue surrounding the cavity. These changes rarely locate only in the lobe where the cavern is situated. Dissemination foci often affect the opposite lung as well. All said above makes it clear that during resections upon fiber-cavernous tuberculosis the possibility of fistula, empyema, postresection residual cavity is higher than during other forms of tuberculosis while this form of tuberculosis is characterized by decrease of lung elasticity thus making it difficult for the part of the lung to spread after the operation. The same is contributed by decrease of reparative abilities of the organism due to severity of the main disease.

55 patients (71.4%) of the main group and 45 patients (66.1%) of the compared group discharged bacteria which remained before the operation in 32 cases of the main group (41.5%) and in 20 cases of the compared group (29.4%), difference is statistically insignificant (p>0.2).

All patients endured different kinds of operations on lung tuberculosis (Table 1). Upper lobectomy was held in 22 cases (28.5%) in the main group, in 17 cases (25.0%) in the compared group. The main part of operations comprised segmental and bisegmental resections of the lungs: 34 cases (44.2%) in the main group and 34 cases (50.0%) in the compared group. 

Table 1.

The volume of lung resection in the main group and in the compared group

	The volume of operations
	The main group
	The compared group
	p

	
	Absolute
	%
	Absolute
	%
	

	Lobectomy
	22
	28.5
	17
	25.0
	>0.5

	Combined resections
	21
	27.3
	17
	25.0
	>0.5

	Limited resections
	34
	44.2
	34
	50.0
	>0.5

	Total
	77
	100.0
	68
	100.0
	


In order to eliminate complications puncture of postresectional empyema and residual cavity with the following drainage was held in all cases. Drainage was fixed to an active aspiration with daily irrigation of pleural cavity by the solution of antiseptics and antibiotics.

To diagnose the location and the size of a bronchial fistula pleurography and visualization of the fistula during bronchoscopy by our method mentioned above was held. Bronchial fistula of a lobar bronchus was detected in 1 case (1.3%) in the main group and in 3 cases (4.4%) in the compared group. Bronchial fistula of segmental bronchus was detected in 28 cases (54.5%) in the main group and 25 cases (36.8%) in the compared group. Bronchial fistulas of minor bronchi  were detected in 34 cases (44.2%) in the main group and 40 cases (58.8%) in the compared group (Table 2).

After determining the localization of the bronchial fistula patients of the main group endured electrocoagulation of the bronchus on its length. In 41 cases (53.2%) a single coagulation was enough to delete a bronchial fistula; in 28 cases (36.4%) it had to be repeated twice; in 8 cases (10.4%) electrocoagulation was held three times. In 15 cases (19.5%) electrocoagulation was held during first ten days after operation, in 21 cases (27.3%) during a 20-days period and in 41 cases (53.2%) more then in twenty days after the operation.

Table 2.

Distribution of patients according to the localization of a bronchial fistula

	Size of a fistula
	The main group
	The compared group
	p

	
	Absolute
	%
	Absolute
	%
	

	Lobar bronchus
	1
	1.3
	3
	4.4
	>0.5

	Segmental bronchus
	42
	54.5
	25
	36.8
	<0.05

	Minor bronchi
	34
	44.2
	40
	58.8
	>0.1

	Total
	77
	100.0
	68
	100.0
	


In the compared group alongside with drainage of post-resection empyema temporary occlusion of the bronchus by a foam-rubber obturator was held. In 26 cases (38.2%) obturator was used once, repeated procedure was needed in in 42 cases (61.8%). In the period from 10 to 20 days after the operation temporary occlusion was held in 23 cases (33.8%); in more than 20 days after the operation it was held in 45 cases (66.2%). The obturator stayed in the bronchus from 7 to 30 days depending on general state of a patient and periods of appearance of local complications during temporary occlusion of the bronchus.

All patients of the compared group with temporary occlusion of the bronchus by a foam-rubber obturator there appeared complications in the form of acute local endobronchitis, suppurative bronchitis and decubital ulcer in the place of the obturator with increase of pathologic granulations. No such complications were observed in the main group.

 In the main group 3 patients (3.9%) were needed surgical operation in order to delete the empyema of residual cavity. In the compared group in order to remove complications surgical operation to was needed in 40 cases (58.8%) (Table 3). In the main group there were held one stage back-upper extrapleural fragmental thoracoplasty on drainage and sanation thoractomy. The first method was elaborated in Altai State medical University together with lung surgery department of Altai regional anti tuberculosis dispensary. In cases of the compared group surgical operations were held in several stages. 20 patients (50% of the ones operated) needed sanational thoractomy, 38 patients (95.0%) needed stage thoracoplasty.

After operations aimed at removing complications 3 patients (7.5%) in the compared group endured arrosive hemorrhage, 8 patients (20%) had ostiomyelitis of ribs. In the main group 1 patient (1.3%) suffered profusive hemorrhage in cavity of empyema. 

Table 3.

Correlation of surgical and conservative methods of treatment 

in the main and compared groups

	Method of treatment
	Main group
	Compared group
	р

	
	Absolute 
	%
	Absolute 
	%
	

	Surgical
	3
	3,9
	40
	58,8
	<0,001

	Conservative 
	74
	96,1
	28
	41,2
	<0,001

	Total 
	77
	100,0
	68
	100,0
	


Medium in-hospital period in the main group made 77.6±3.05 days and in the compared group 136.3±3.16, differences are statistically relevant (p<0.001). Thus, in-hospital periods in the main group were realistically shorter than in the compared group.

Evaluation of direct and remote results of treatment.

Evaluating direct results of treatment by the method of transbronchial electrocoagulation of bronchial fistulas with postresectional empyemas and residual cavities we were guided by the following criteria:

· Good results, that is reaching total clinical effect in treating empyema: closure of the cavity and a bronchial fistula.

· Satisfactory results that is closure of a bronchial fistula, reducing the size of cavity of the empyema.

· Unsatisfactory results that is cavity of empyema preserves with a bronchial fistula which endured surgery in the process of treatment. 

Таблица 4.

Frequency of closure of bronchial fistulas without surgery 

during in-hospital period

	Reached effect
	Results of treatment
	р

	
	The use of electrocoagulation of the fistula
	The use of foam-rubber obturator
	

	
	Absolute
	%
	Absolute
	%
	

	Closure of the fistula without surgery
	71
	92,2
	22
	32,4
	<0,001

	Closure of the fistula by surgical operation
	6
	7,6
	46
	67,6
	<0,001

	Total 
	77
	100
	68
	100
	


During in-hospital period closure of a bronchial fistula as a result of electrocoagulation was reached in 71 (92.2%) cases.


In the compared group in the same period closure of a bronchial fistula by conservative methods was marked in 22 (32.4%) cases. That is 2.8 times less than in the main group (p<0.001).

Таble 5.

Direct results of treating bronchial fistulas by electrocoagulation

	Reached effect
	Results of treatment
	р

	
	The use of electrocoagulation of the fistula
	The use of foam-rubber obturator
	

	
	Absolute
	%
	Absolute
	%
	

	Good
	58
	75,3
	30
	44,1
	<0,001

	Satisfactory
	12
	15,6
	16
	23,5
	>0,5

	Unsatisfactory
	7
	9,1
	22
	32,4
	<0,001

	of them died
	3
	3,9
	15
	22,1
	<0,001

	Total 
	77
	100
	68
	100
	



On the whole in the main group by the end of in-hospital period full clinical effect was marked in 58 (75.3%) cases, improvement was reached in 12 (15.6%) cases (of them 3 patients were regimen-breakers). Unsatisfactory result was marked in 7 (9.1%) cases, of them 3 (3.9%) patients died: 1 (1.3%) effectively treated died of accompanying disease (acute abnormality of cerebral blood flow), 1 (1.3%) operated patient died of arrosive profusive hemorrhage and 1 (1.3%) patient died of sepsis.


In the compared group by the end of in-hospital period full clinical effect was marked in 30 (44.1%) cases, satisfactory results – in 16 (23.5%) cases, unsatisfactory – in 22 (32.4%) cases of them died 15 (22.1%) patients (Table 5).


It should be specially marked that 58 (75.3%) patients in the main group who reached full clinical effect avoided surgical operation. In the compared group out of 30 (44.1%) patients with full clinical effect only 16 (23.5%) patients avoided operations, the rest 14 (20.6%) needed surgical treatment to remove complications. Thus, it can be stated that application of our method enabled to reach full clinical effect 3.2 times more often (p<0.001). On the whole closure of bronchial fistulas without operation was possible 2.8 times more often (92.2% in the main group and 32.4% in the compared group - p<0.001).


By now we have data about remote results of treatment of 74 patients of the main group on period from 1 to 10 years. Remote results of treatment of 53 in the compared group are traced from 1 to 18 years. After in-hospital period a part of the patients had cavities of empyema which were not closed (3(4.1%) patients in the main group and 13 (24.5%) patients of the compared group (p<0.01)). In order to remove this complication it was necessary to conduct surgical operation in the form of upper-back thoracoplasty.


Full clinical effect in the main group maintains in 59 (79.7%) cases, improvement is marked in 12 (16.2%) cases, lack of effect is observed in 3 (4.1%) cases.


Full clinical effect in the compared group maintains in 24 (45.3%) cases, improvement is noticed in 16 (30.2%) cases; lack of effect is evident in 13 (24.5%) of cases (Table 6).


According to Table 6 remote results show that full clinical effect in the main group is reached 1.8 times more often (p<0.001), good and satisfactory results are reached 1.3 times more often than in the compared group. At the same time in the compared group unsatisfactory results took place in 24.5% cases opposite to 4.1% cases in the main group (p<0.01).

Тable 6.

Remote results of treatment of patients with bronchial fistulas by the use of electrocoagulation

	Reached effect
	Results of treatment
	р

	
	The use of electrocoagulation of the fistula ///
	The use of foam-rubber obturator
	

	
	Аbs.
	%
	Аbs.
	%
	

	Good
	59
	79,7
	24
	45,3
	<0,001

	Satisfactory
	12
	16,2
	16
	30,2
	>0,1

	Unsatisfactory
	3
	4,1
	13
	24,5
	<0,01

	Total
	74
	100
	53
	100
	



It should be specially noted that out of 74 patients of the main with full clinical effect it was possible to avoid operation in 59 cases (79.7%), in the compared group out of 24 patients with the same effect it was possible to avoid operation only in 10 cases (18.9%). It means that according to remote results the use of our method enabled to avoid operation 4.2 times more often (p<0.001) (Table 7).

Таблица 7.

Correlation of surgical and conservative methods of treatment in analyzed cases during remote periods of observation

	Reached effect
	Results of treatment
	р

	
	The use of electrocoagulation of the fistula
	The use of foam-rubber obturator
	

	
	Аbs.
	%
	Аbs.
	%
	

	Closure of fistulas without operation
	59
	79,7
	10
	18,9
	<0,001

	Closure of fistulas by operation
	3
	4,1
	14
	26,4
	<0,001

	Residual cavity preserves without a fistula
	12
	16,2
	29
	54,7
	<0,001

	Total
	74
	100
	53
	100
	


Conclusions

1. Transbronchial electrocoagulation is the method of treating bronchial fistulas after segmental and lobar resections conducted due to tuberculosis. It is recommended during residual post-resection cavities and post-resection pleural empyemas with bronchopleural fistula of segmental and subsegmental bronchus.

2.   Visualisation of the fistula under endoscopic control with the use of foamed dye stuff introduced to the cavity of empyema enables to determine segmental location of the visible fistula and its diameter without additional radiographic research.

3. Method of transbronchial electrocoagulation gives the opportunity to remove post-resection pleural cavity and empyema 1.7 times more often than traditional treatment. In remote periods of observation (1-10 years) after transbronchial electrocoagulation full clinical effect preserves 1.8 times more often than in the compared group.

4. Application of transbronchial electrocoagulation of bronchial fistula enables to avoid surgical operation in order to remove bronchopleural complications in 92.2% cases in the main group. In the compared group such effect was reached only in 32.4% cases that is 2.8 times more seldom. 
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