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Background: The World Health Organization guidelines for management drug
resistant tuberculosis include surgery as an additional method in selected cases.
Pneumonectomies have higher risk of morbidity such as bronchial fistulas which
may be prevented by bronchial stump covering. We compare two methods of
bronchial stump reinforcement.
Methods and materials: A retrospective single center follow-up study was done in
52 patients who underwent pneumonectomy for drug resistant pulmonary
tuberculosis. Between 2000 and 2017 we performed pneumonectomies with
pericardial fat reinforcement of bronchial stump in group 1 (n=42), and between
2017 and 2021 in group 2 with pedicled muscle flap reinforcement group 2 (n= 10).
Results: Bronchial fistulas occurred in 17/42 (41%) of patients group 1 and there was
no fistula in group 2, and this was statistically different (Fisher’s test p=0.02). Post-
operative complications were seen in 24/42 (57%) of the patients in Group 1, and
4/10 (40%) patients in Group 2 (Fischer’s test p=0.53). In group 1 positive
bacteriology decreased from 74% to 24% just after surgery, and in group 2 it
decreased from 90% to 10%, but this was not statistically different (Fisher’s test p=
0.63). In group 1 no-one died the first month, but 8/42 (19%) died within a year; in
group 2 one died within a month, and only this death (10%) within a year. This
difference in case fatality was not statistically significant.
Conclusions: The use of pedicle muscle flap for bronchial stump coverage during the
pneumonectomies for destructive drug resistant tuberculosis can prevent severe
postoperative fistulas and improve postoperative life.
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Introduction

Mycobacterium tuberculosis can develop resistance to any drug that is active against it.

Multidrug resistance (MDR) is when the bacteria are resistant to both isoniazid and

rifampicin; when there is additional resistance to any fluoroquinolone it is called pre-

extensively drug resistance (pre-XDR); if the bacteria develops further resistance to
Abbreviations

TB, tuberculosis; m.tb, mycobacterium tuberculosis; MDR, multidrug resistance; XDR, extensively drug
resistance; WHO, World Health Organization; URIP, Ural Research Institute for Phthisiopulmonology.
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bedaquiline or linezolid it is called XDR (1). Former USSR

countries, China, DR Congo and India have the largest estimated

numbers in the world of untreated MDR/RR-TB patients, and

Russia ranks 8th on that list (1). In the 1990s the rate of TB in

Russia was quite high, around 100 per 100,000 population, but it

declined steadily to around 40 per 100,000 in 2020 (2–4). A high

proportion of these TB patients had MDR-TB and many were in

high-risk groups with like prisoners (2, 4).

The World Health Organization (WHO) has produced

consolidated guidelines for drug-resistant tuberculosis treatment

(5). The duration of treatment for MDR-TB is longer than for

drug susceptible TB. Success rate of MDR-TB treatment in the

world including patients with quinolone- resistance is below

60%, which is much lower than the minimum target for drug-

sensitive TB at 85% (1, 6).

Surgical treatment can improve the outcomes for some MDR

and pre-XDR TB patients (5, 7). WHO made a conditional

recommendation for partial lung resection (lobectomy or wedge

resection) as an adjunct to chemotherapy for rifampicin resistant

TB and XDR-TB patients. A systematic review did not show that

patients with radical pneumonectomy had better outcome than

those who did not have surgery (7).

Pneumonectomy is used in TB patients with total lung

destruction, threatened bleeding, spontaneous pneumothorax,

and empyema with or without fistulas that could be fatal (8), and

have a high risk of postoperative morbidity. Pneumonectomy for

infectious diseases may lead to broncho-pleural fistulas with

concomitant empyema in up to 30% of cases (8, 9); the case

fatality may reach up to 70% (10, 11). To prevent such a

threatening complication various methods of covering the

bronchial stump are used: parietal flap, diaphragm flap, or

intercostal flap (12–14).

To avoid broncho-pleural fistulas after pneumonectomies for

drug resistant cavitary TB we have in our center in Russia covered

the bronchial stump in two ways. From 2000 to 2017 we covered

the stump with pericardial flaps, and since 2017 we applied a

muscle pedicle flap (15). In this paper we compare the two methods.

The specific objectives of this study among drug resistant TB

patients who had a pneumonectomy by two types of bronchial stump

reinforcement, was to compare: (1) the proportion of broncho-

pulmonary fistulas and other complications; (2) conversion at 12

months, (3) treatment outcomes and case fatality at 30 and 365 days.
Materials and methods

Study design

The study was a follow-up study comparing the outcomes of

two types of pneumonectomies for pulmonary tuberculosis.
Setting

The study was performed at the Ural Research Institute for

Phtisiopulmonology (URIP)—a branch of the Federal State
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Budgetary Institution “National Medical Research Center for

Phthisopulmonology and Infectious Diseases” of the Ministry of

Healthcare of the Russian Federation; there are 300 beds. URIP

serves 6 oblasts, 2 autonomic districts, 1 kray and 2 republics.

The URIP itself is situated in the central part of the Russian

Federation in Ekaterinburg, the central city of Sverdlovsk oblast.

The size of this territory is about 2,400,000 square km, with an

approximate population of 47 million. Most of the TB patients in

our study were from the Sverdlovsk region.

While the overall TB incidence rate (per 100,000 population)

declined in the Russian federation from 100 in 2000 to 77 in

2010 and 29 in 2020; in the Ural region the rates were 85 in

2000 and 2010, and 34 in 2020. The incidence rate (per 100,000

population) of any drug resistant TB in Russia was 22 in 2010

and 19 in 2020, and in Ural region 26 and 21 respectively (2–4).

The treatment success of drug resistant TB was in Russia 56% in

2010 and 55% in 2020; in Ural 53% and 55% respectively.

Surgery for TB (lung resections and thoracoplasties) was done in

Russia in 6.4% of all TB patients in 2010 and 7.1% in 2020, and

in Ural 6.7 and 6.2%, respectively (2–4).

When admitted to the department a multidisciplinary council

(with a thoracic surgeon, anesthesiologist, radiologist, internist,

and phthisiologist) evaluates the previous treatment, the

indications for surgical treatment and the possible types of surgery.
Study participants

The indications for pneumonectomies were one or more of the

following: (1) large cavitary lesions, assessed as irreversible with

spreading to all lung, with or without persisting excretion of

mycobacterium tuberculosis (m.tb.), with or without drug

resistant strains of expectorated m.tb. (2) Previous surgery, with

cavitary lesions in the lung, persisting (or not) excretion of m.tb.,

drug resistant strains m.tb. (3) Lung bleeding from the cavities in

all parts of the lung with or without the presence of m.tb. in

sputum, drug resistant m.tb. strains.

All the patients were divided into two groups according to the

method of bronchial stump reinforcement. Group 1 were patients

who had a bronchial stump reinforced with pericardial fat or just

local tissues around the main bronchus: 36 patients had

pericardial fat reinforcement, 6 patients had bronchial stump

reinforcement with local tissue, all done between 2000 and 2017.

Group 2 were patients who had a bronchial stump of the main

bronchus reinforced with a pedicle of muscle flaps. We used

latissimus dorsi muscle in 9 patients and a pectoralis major

muscle in 1 patient. This procedure was done from 2017 to 2021.

After surgery we examined surgical specimen for

mycobacterium tuberculosis using the smear microscopy,

molecular-genetic and culture tests, and then monthly thereafter

we examined sputum by smear microscopy and culture tests.

Drug resistance was determined by molecular-genetic TB-TEST

(16) and culture by BACTEC method (17).

All patients with drug resistant TB were treated in accordance

the national treatment tuberculosis guidelines, in line with WHO

recommendations of 2011 and 2018 (18, 19).
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Technical procedure two types of
pneumonectomies

The surgery was performed in the operating room in lateral

decubitus position under a total intravenous anesthesia with

double-lumen tracheal tube intubation. Preoperative antibiotic

prophylaxis was given according to the Institution protocols

(ceftriaxone 2 g intravenous, 30 min before surgery). Every patient

gave an informed consent for surgery and blood transfusion.

In order to mobilize the muscle flap we used the bipolar device

LigaSuretm of the ForceTriadtm energy platform (ValleyLab,

Covidien, Minneapolis, MN, USA). The muscle flap was placed

into the pleural space via separate access in the area of 2nd or

3rd rib, made accessible by partial resection of one of those ribs

in the length of 6–7 cm (15). The stages of the muscle flap

intrathoracic transposition are shown in Figure 1.

In group 1 bronchial stump was closed by hand (16 patients)

with interrupted absorbable sutures (with a long time

degradation thread of 3/0) in the manner of “Cartilage to

cartilage” (20) or by the stapler device (26 patients). In all the

cases attempts were made to leave the stump of the bronchus no
FIGURE 1

Stages of muscle flap transposition (A, B= latissimus dorsi muscle mobilization
the muscle flap to the bronchial stump and mediastinum, E = completion of th
vessels; blue arrow= rib need to be resected; dark blue = pericardium.
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larger than 1 cm. In group 2 all the bronchial stumps (10

patients) were closed with cartilage to membrane using a 3-rows

endo stapler (black cartridge) Endo GIAtm (Medtronic,

Minneapolis, MN, United States).

Pericardial fat was detached from the pericardium and affixed

to the closed bronchial stump with 3–4 absorbable stitches of the

monofilament biodegradable threads 4/0. The muscle flap was

inserted into the pleural cavity and affixed to the previously

closed bronchus with 4–5 interrupted stitches of 4/0

monofilament absorbable thread. We also fixed the muscle flap

to the mediastinal tissues and in the area of intrathoracic entry

of the flap with 3–4 interrupted stitches of absorbable thread 3/0.

Close attention was paid to avoid twisting a vascular pedicle

around its axis. The methodology of muscle harvesting and its

introduction into the pleural cavity was described by Pairolero

(15). The surgery was finished by drainage of the pleural cavity

with a silicone tube. In group 1, we tried to remove drainage as

soon as possible to ensure the absence of continuous intrapleural

bleeding.

One pleural drain was used in group 1, while two pleural drains

were used in group 2. Patients in group 2 also had one drainage
, C- resection of the rib to get access to the pleural cavity, D= fixation of
e muscle flap fixation). Yellow arrow =muscle flap; green arrow = feeding
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TABLE 1A Baseline characteristics of participants with drug resistant
tuberculosis who had pneumonectomy, by type of surgical treatment, in
URIP, Russia, 2000–2021.

Group 1 Group 2 p-
value*

Total 42 (100%) 10 (100%)

Year of pneumonectomy 2000–2017 2017–2021

Bazhenov et al. 10.3389/fsurg.2023.1151137
placed into the bed of the harvested muscle. In group 2, pleural

drainages were removed after pleural washing with antiseptic

solutions for at least 2 weeks after surgery, and also after a

minimum of two negative results of nonspecific bacterial growth

in the pleural cavity. After removing the drainage from the bed

of the muscle flap (when the amount of serous tissue fluid was

50 ml/day or less) patients wore the elastic chest bandage to

compress the dissected skin flap to the chest wall to prevent

development of seroma. TB drugs were restarted after four days

beginning with parenteral drugs.

Before surgery the bronchial tree was examined by

bronchoscopy for the presence of TB in the bronchi, and also

after surgery once every ten days, during one month. It was

performed later if clinical signs of broncho-pleural fistula were

suspected.
Sex Male 18 (43%) 7 (70%) 0.23

Female 24 (57%) 3 (30%) 0.23

Age, median (range) years 35 (29;44) 40.5 (36;44) 0.35

Height, median (range) cm 170
(161;176)

176
(165;182)

0.35

Bodyweight, median (range) kg 59 (54;69) 61 (55;73) 0.5

BMI kg/m2 21.3 22.2 0.15

Smoking Smoker 17 (41%) 3 (30%) 0.82

non-
Smoker

25 (59%) 7 (70%) 0.82

Former incarceration Yes 7 (17%) 2 (20%)

No 34 (83%) 8 (80%)

Side of
pneumonectomy

Left lung 23 (55%) 8 (80%) 0.27

Right lung 19(45%) 2(20%) 0.27

TABLE 1B Pre-operative clinical characteristics of study participants with
drug resistant tuberculosis who had pneumonectomy, in URIP, Russia,
2000–2021.
Definition of treatment outcome after
surgery

Short-term (30 days) surgical outcome we defined as

complications during first 30 days after surgery while still

admitted to hospital, like broncho-pleural fistula, empyema,

bleeding and other complications. Long-term surgical outcomes

assessed at 12 months were culture conversion and death.

Standard TB treatment outcomes after pneumonectomies were

categorized according to WHO definitions and framework for

tuberculosis (21): cured (bacteriology positive at start and

negative at completion), completed (but no evidence of negative

bacteriology), died (from any cause during TB treatment), failed

(still positive bacteriology), lost-to-follow-up, transferred to

another place.
Group
1

Group 2 p-
value*

Total 42 (100%) 10 (100%)

Former treatment, mean (range) months 59 (6–
216)

108 (12–
276)

0.002

Former invasive lung therapy 19 (45%) 4 (40%)

Former lung surgery 11 (26%) 4 (40%) 0.62

Chest x-ray Cavitary 34 (81%) 7 (70%) 0.71

Pneumocirrhosis 8 (19%) 3 (30%) 0.71
Data sources

The data was collected from the patients’ clinical records,

referral letters from the regional TB dispensaries, the Federal TB

Register, and the “Tanatos” electronic system for death

registration in Sverdlovsk oblast.
Lung pathology Cavitary 39 (93%) 8 (80%) 0.48

Pneumocirrhosis 3 (7%) 2 (20%) 0.48

Sputum test for
m.tuberculosis

Positive 31 (74%) 9 (90%) 0.52

Negative 11 (26%) 1 (10%) 0.52

DST before surgery Resistant to H 5 (12%) 1 (10%)

Resistant to R 4 (10%) 0 (0%)

Resistant to HR 21 (50%) 2 (20%) 0.17

Resistant to HRFq 12 (29%) 6 (60%) 0.14

Resistant to 0 (0%) 1 (10%)
Analysis and statistics

We analyzed by cross-tabulation and used non-parametric tests

because of small sample: Fisher’s exact test for categorical variables,

and Mann-Whitney- test for continuous variables. The level of

statistical significance was set at p-value ≤0.05.

HRFqBqLzd

DST in specimen Resistant to H 2 (5%) 1 (10%)

Resistant to R 2 (5%) 0 (0%)

resistant to HR 24 (57%) 2 (20%) 0.08

Resistant to HRFq 14 (33%) 5 (50%) 0.53

Resistant to
HRFqBqLzd

0 (0%) 2(20%)

H, isoniazid; R, rifampicin; Fq, fluoroquinolones; Bq, bedaquiline; Lzd, linezolid.

*p-values from Fisher’s exact test; small data prevent using test in some variables.
Results

The characteristics of the participants are shown in Tables 1A,

1B. In group 1 there were 42 patients, and in group 2 there were 10

patients. Patients with MDR were 57% in group 1% and 20% in

groups 2, patients with pre-XDR were 33% in groups 1% and
Frontiers in Surgery 04
50% in group 2, and patients with XDR none in group 1% and

20% in group 2. The groups were comparable for sex, age,

height, presence of mycobacteria, patient address, x-ray changes,

drug resistance, and previous invasive treatment. The surgery was

planned in 36 of the 42 patients in group 1, and 6 were

emergencies; all in group 2 were planned. In Group 1 there were

36 patients who had pericardial fat reinforcement and 6 patients
frontiersin.org

https://doi.org/10.3389/fsurg.2023.1151137
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Bazhenov et al. 10.3389/fsurg.2023.1151137
who had bronchial reinforcement with local tissues; in Group 2 the

reinforcement with pedicle muscle flaps was done in all 10 patients.

The drug susceptibility test from the surgical material did not differ

from the preoperative DST from sputum, except in group 2 where

one patient had additional resistance to bedaquiline and linezolid

in the surgical material. Emergency surgery was done in 6(14%)

patients in group 1 and was caused by pulmonary bleeding

proved by fibrobronchoscopy. Most of the surgical equipment

was similar in the two periods, but in the later period there was

more stable electricity.

The outcomes are presented in Table 2. Post-operative

complications were observed in 24 (57%) of the patients in group

1, and in 4 (40%) patients in group 2 (Fisher’s test p = 0.53). In

group 1 there were 17 out of 24 patients who had 2 or more

complications per patient. Broncho-pleural fistulas occurred in 17

(41%) in group 1 and none in group 2, and this difference was

statistically significant (Fisher’s test p = 0.02). From the 17

patients with broncho-pleural fistulas 10 (59%) patients were

successfully treated by complex methods, including pleural space

sanitation and fistula closure. There were 9 fistulas in 23 left

sided pneumonectomies, and 8 fistulas in 19 right sided (Fisher’s

test p > 0.99); among those with fistula after left-sided

pneumonectomy 3 out of 9 patients (33%) died; among right-

sided fistula 3 out of 8 patients (38%) died (Fisher’s test p > 0.99).
TABLE 2 Outcome of surgical treatment of participants with drug resistant t

Surgical procedure characteristics Duration, (95% CI)

Blood loss, ml, (95% CI)

Days in ICU, (95% CI)

Days drain, (95% CI)

Days before fistula

Bronchial stump closure By han

By stap

Complications Intraoperativea

Postoperative empyema

Postoperative fistula

Postoperative bleeding

Postoperative otherb

Fistula site Left br

Right b

Treatment outcomes Cured

Completed

Success (cure + complete)

Failed

Died

Loss of follow up

Transfer

Death Died before 30 days

Died before 1 year

Died before 1 year, non-TBc

aIntraoperative complications: rupture of diaphragm during the mobilization of the lung

of the left subclavian artery; spillage of the purulent sputum to the left main bronchu
bPostoperative complications “others”: wound infection; pneumonia; vein thrombosis;
cNon-tuberculosis cases of death within 1 year: pneumonia; bleeding from the erode

*p-values from Fisher’s exact test; small data prevent using test in some variables.

Frontiers in Surgery 05
The other complications were not different in the two groups.

Surgical success with negative sputum result one month after

pneumonectomies was observed in 27 patients (64%) in group 1

and 9 (90%) in group 2, but this was not statistically significant

(Fisher’s test p = 0.06) (Table 2). Right after surgery 12 patients

(29%) were bacteriologically positive in group 1 and one patient

(10%) in group 2.

The TB treatment outcomes in group 1 at final assessment of

the 42 patients of whom 31 were initially sputum positive are

also in Table 2, and 8 (19%) had died, 3 (7%) remained

positive and 31 (74%) had negative bacteriology. In group 2 at

final assessment of 10 patients of whom 9 were initially

sputum positive 1(10%) had died and 9 (90%) had negative

bacteriology. The sample was too small for good statistical

comparison.

In group 1 no-one died the first month, but 8 (1-year case

fatality rate 19%; 95% CI, 9%–33%) died within a year. In group

2 one patient died the first month, but no more patients died the

first year, so 1-year case fatality rate was 10% (95% CI, 1%–40%).

The causes of death in group 1 were as follows: 3 patients died

from progression of TB in remaining lung; 1 patient bleeding

from an eroded vessel; 2 patients bleeding from pulmonary

artery; 1 patient suicide; 1 patient heart failure. In group 2 the

only death was due to gastrointestinal bleeding.
uberculosis who had pneumonectomy in URIP, Russia, 2000–2021.

Group 1 Group 2 p-value*
155 (120–174) 310 (285v363) <0.001

500 (341–688) 375 (313–500) 0.18

1 (1–2) 4 (4–5) <0.001

3 (2–7) 30 (24–36) <0.001

54 (12–210) 0 <0.001

ds 16 (38%) 0 (0%) 0.03

ler 26 (62%) 10 (100%) 0.03

4 (10%) 1 (10%)

18 (43%) 1 (10%) 0.1

17 (41%) 0 (0%) 0.02

5 (12%) 1 (10%)

5 (12%) 2 (20%) 0.81

onchus 9 (39%) 0 (0%)

ronchus 8 (42%) 0 (0%)

26 (62%) 9 (90%) 0.18

1 (2%) 0 (0%)

27 (64%) 9 (90%) 0.06

2 (5%) 0 (0%)

13 (31%) 1 (10%) 0.35

0 0

0 0

0 (0%) 1 (10%) 0.38

8 (19%) 1 (10%) 0.88

5(12%) 1(10%)

; injury of the recurrent laryngeal nerve; rupture of the right pulmonary artery; injury

s.

chylorrhea; arrythmia; esophageal fistula.

d vessel in pleural cavity; suicide; heart failure; gastro-intestinal bleeding.
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Discussion

Our study indicated that after pneumonectomies for drug

resistant tuberculosis with reinforcement of the bronchial stump

by pedicled muscle flap the proportion of patients who

developed bronchial fistulas was significantly lower than among

those reinforced with pericardial fat. The patients included in our

study were clinically complicated with a long duration of their

TB. Patients from both groups had previously been treated

ineffectively; almost half of them with previous collapse therapy

or lung resection. This made the pneumonectomies more

complicated, especially during the lung mobilization by dividing

the adhesions, and the dissection of the vessels and bronchi.

Pneumonectomies in group 2 took more time because of delicate

harvesting and insertion into the pleural cavity. De Palma (22)

recommends inviting plastic surgeons to harvest the muscle flap,

but we did not have that opportunity. However, the surgical

team had specific practical training on cadavers to ensure skills

in mobilizing and preparing the pedicle with muscle and vessels.

We did not see muscle flap necrosis in our patients.

Several authors have reported successful draining of the

contaminated or infected postpneumonectomy space (23). Most

surgeons will let the tube remain in place to drain the

contaminated or infected fluid until the cavity is clean and dry.

At this point, some surgeons instill an antibiotic irrigation

solution via this tube, and then the empty pleural cavity is filled

with an antibiotic solution and the chest tubes are removed (23).

In group 2 we used two large pleural drains (24) in order to

wash the empty pleural cavity and to control the mediastinal

shift. In group 2 silicone drains were inserted into the infected

empty pleural space after surgery, and 5–7 days after surgery we

started washing using the gravitational system. In our opinion

the two large bore drains used by group 2 provided better

conditions for cleaning the empty pleural cavity.

The data for the TB treatment outcomes after pneumonectomy

showed treatment success of 64% in group 1% and 90% in group 2,

but the difference was not statistically significant likely. The

proportion who died (31% vs. 10%) was also not statistically

significantly different in the two groups. Other studies on

pneumonectomies in TB patients also have small samples and

report treatment success of 60% (25), 70% (26), and 86% (27); the

same studies reported case fatality rate 20%, 30% and 14%,

respectively. Giller reported a case series of 766 pneumonectomies

done between 1998 and 2016 where 40 (0.4%) died within 30 days

after surgery, and with 93% sputum negative in MDR-TB and

92,1% sputum negative in XDR-TB patients (20). Yablonskii

performed 39 pneumonectomies with no deaths within 30 days

after surgery and all were sputum negative just after surgery (8, 28).

The proportion of patients with a positive smear microscopy in

group 2 was 90% before and 11% right after surgery; whereas in

group 1 surgery reduced bacillary load from 74% before and 29%

right after surgery. The reduction in bacterial load in the patients

seemed to be better in group 2, but in our small sample this was

statistically not significant.

In our study we found that the duration of surgery in group 2

was twice as long as in group 2 because of preparation of the
Frontiers in Surgery 06
muscle flap; however, this did not result in higher blood loss. We

can partially explain this observation by meticulous hemostasis

performed during surgery. Also contributing may be the change

in surgical technique. Previously a faster mobilization of the lung

was attempted, followed by hemostasis. Now the lung is

mobilized and hemostasis is done step by step, taking more time,

but reduces blood loss. The surgical tools are not much changed

from old to new method.

Some authors reported that the best approach to bronchial

closure was to suture by hand (20, 29). Some old papers reported

advantages of staplers (30, 31), another paper agreed but with

specific reservations (32). In our material the bronchial stump

closure in group 1 was done by suture in 16 and by stapler in

26; and in group 2 only by stapler. Broncho-pleural fistula

developed in 5 (31%) of the 16 patients closed by hand and 12

(46%) of 26 patients closed by stapler; this was statistically not

different (Fisher’s test p = 0.5) but sample is small. A number of

papers, old and new, came to similar conclusion about use of

stapler (13, 29, 33, 34).

In group 1 the number of patients with fistulas was 17 (41%).

All fistulas were confirmed by fibrobronchoscopy during the post-

operative period. In group 2 there was no fistula. However, during

performance of post-operative fibrobronchoscopy to control

bronchial stump, we saw deficiency of staple suture with defects

in 3/10 (30%) patients of group 2. The deficiency of the

bronchial stump sutures did not depend on the size of bronchial

stump coverage. It seems that infection (tuberculosis or other)

could influence post-operative healing of the bronchial stump as

reported previously by Björk, but it is still of current interest

(35). Most of our 17 patients who developed fistula were initially

treated with pleural space draining with a large silicone tube, and

then several bronchoscopies were performed doing coagulation of

the tissues around the fistula. Then if the pleural drainage was

inefficient, we performed open window thoracostomy, allowing

cleaning of the pleural cavity and plugging the fistula from

outside. In some cases we used Amplatzer device to close the

fistula, we also performed reamputation of bronchial stump,

covering with the muscle flap (see Supplementary Table S1).

Good results were reported using right thoracotomy access for

the treatment of left main bronchus fistulas, but we did not use

this method (22, 36). From these 17 patients with fistula 10

(59%) patients were successfully treated by complex methods of

pleural space sanitation and fistula closure.

In a case series with 56 patients Wang stressed that for

preventing broncho-pleural fistulas after pneumonectomy, it is

reasonable to perform frozen section pathology on the resected

bronchial stump to make sure that no mycobacteria remain in

the bronchial stump (37). Our study may suggest that coverage

of the bronchial stump with adequate amount of tissues, such as

a muscle flap used for our participant in group 2, may be

enough to prevent broncho-pleural fistula, without intraoperative

frozen section examinations.

It is well known that reinforcing the bronchial stump is important

after pneumonectomies performed for infectious diseases. However,

what material is the best is still a question. Examples of materials

used for stump reinforcement are pericardial flap (38), diaphragm
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and intercostalmuscleflaps (39), omentalflap (40),m.serratus anterior

flap (41), vertical rectus abdominis myocutaneous flap (42), and

latissimus dorsi muscle flap (13, 14, 43). Our results indicate that the

use of latissimus dorsi pedicle muscle flap may be a good method for

reinforcement of the bronchial stump, it is easy to perform and it

prevents life threatening complications.

A strength of this study is its comprehensiveness, as we

included all TB patients with pneumectomies of the URIP

hospital during the period (2000–2021), which included all

pneumonectomies in Sverdlovskaya oblast. But there were also

patients from the other republics and oblasts from the catchment

area of URIP, even though all territories conducted perform

pneumonectomies. However, they would often send to the URIP

hospital patients with a high risk of postoperative complications.

A limitation of our study was the before-after design where

confounders not included in the study may influence results,

including experience of the surgeons, post-surgical care,

diagnostic and bacteriological tests, antimicrobial treatment given

before and after surgery. MDR-TB treatment regimens in Russia

were modified during the study period, as WHO published new

recommendations on MDR treatment in 2011 (18), 2016, 2019

(19) and 2020 (5). Obviously, the use of new TB drugs and

regimens could improve the outcomes of the later patients in

Group 2. The total number of patients was very low in group 2,

seriously reducing the statistical power of the study.

The lessons from our study could be used by centers of thoracic

surgery among TB patients with drug resistance. The centers

should be equipped with intensive care units and recovery units

of highly experienced personal. This type of surgery needs an

experienced, well-trained surgical team.
Conclusion

Use of the pedicle muscle flap for bronchial stump coverage

during pneumonectomies for destructive drug resistant

tuberculosis can prevent severe postoperative fistulas and

improve the lives of the patients.
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