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Abstract

Background. Despite significant progress in the fight against tuberculosis, the number of new cases in the world
remains relatively stable, and amounts are more than 10 million annually. Chronic obstructive pulmonary disease
(COPD) negatively affects the quality of life in patients with pulmonary tuberculosis and reduces the effectiveness
of chemotherapy. Correction of bronchial obstruction in pulmonary tuberculosis remains an actual problem.

Aim. To assess the acute bronchodilator test with glycopyrronium bromide, pulmonary function test parameters
changing within 24 hours after inhalation, as well as the effect of a 2-3-month course of treatment with
glycopyrronium bromide on the same parameters and the quality of life in patients with pulmonary tuberculosis
associated with chronic obstructive pulmonary disease.

Material and methods. A prospective cohort study of 38 patients with active pulmonary tuberculosis associated
with the chronic obstructive pulmonary disease treated with anti-tuberculosis chemotherapy was carried out. The
pulmonary function test parameters were assessed before inhalation, 15, 30, 120 min, 23 h 45 min after a single
inhalation of glycopyrronium bromide, as well as after 1, 2 and 3 months of treatment. Quality of life was assessed
by using CAT (COPD Assessment Test), SF-36 (Short Form-36 Health Survey Questionnaire), SGRQ (St. Georges
Respiratory questionnaire).

Results. A single inhalation of 50 pg glycopyrronium bromide led to a significant increase in forced expiratory
volume in 1 second by +15.2%, +18.3%, +22.8% and +11.2% after 15, 30, 120 minutes and 23 h 45 min, respectively.
The change in forced expiratory volume in 1 second after 1, 2 and 3 months of treatment was +13.1%, +9.3% and
+11.7%, respectively. The overall CAT score after 3 months decreased by 7. The mental health index SF-36 increased
by 9.2 points. A decrease in SGRQ parameters was revealed: symptoms — by 21.7 points, physical activity — by
14.8 points, impact — by 18.2 points.

Conclusion. Inhaled glycopyrronium bromide 50 pg once daily can be recommended for the treatment of patients
with active pulmonary tuberculosis associated with chronic obstructive pulmonary disease.
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Background
Despite significant progress in tuberculosis (TB)
control in recent decades, the number of new TB
cases worldwide remains relatively stable, with
more than 10 million annually [1]. Along with the
problem of multidrug-resistant TB and TB in pa-
tients with HIV infection, TB comorbidity has re-
ceived increasing attention [2, 3].
Broncho-obstructive syndrome (BOS) in pul-
monary TB (PTB), depending on the clinical form,

is diagnosed with a rate of 52.7%-88.2% [4, 5].
BOS associated with TB is caused by both PTB
itself and chronic obstructive pulmonary disease
(COPD) [5]. Published data indicate that COPD de-
teriorates the quality of life of patients with PTB
and reduces the efficiency of chemotherapy [6, 7].
BOS correction in PTB remains an urgent task.
Bronchodilator therapy in patients with PTB
associated BOS results in clinical improvement,
namely, decreased severity of dyspnea, increased

*For correspondence:umukgmu@rambler.ru

© Eco-Vector, 2022. All rights reserved.

Received 25.09.2021; accepted 29.10.2021; published 15.02.2022.

1 of 8



Clinical experiences

exercise tolerance, improved external respiration,
and improved quality of life of the patients [4].
Data have been published on the positive effect of
long-term therapy with bronchodilators on the effi-
ciency of anti-TB chemotherapy [8, 9]. Previously,
bronchodilator therapy regimens were proposed for
PTB with BOS [10].

Over the past decade, many new drugs have ap-
peared in the arsenal of bronchodilator therapy [11].
Glycopyrronium bromide (GB) is used in the ba-
sic therapy for patients with COPD; it belongs to
a group of long-acting anticholinergics with the
preservation of the effect for 24 h after a single in-
halation [12].

According to the National Clinical Guidelines
of the Russian Respiratory Society, long-acting
anticholinergics can be used in the treatment of
COPD as both monotherapy and fixed combination
with inhaled glucocorticoids and/or long-acting
B-agonists. Long-acting anticholinergics are pre-
ferred because of their more pronounced effect on
the risk of exacerbations [13].

Aim

This study aimed to evaluate the results of an acute
test with GB (single inhalation of 50 pg of Seebri
Breezhaler), dynamics of external respiration with-
in 24 h after inhalation, effects of 2-month GB in-
halation (50 pg once a day) on the parameters of
external respiration, and the quality of life of pa-
tients with PTB associated with COPD.

Materials and methods of research
This prospective cohort study included 38 patients
with PTB associated with COPD, who were at the
inpatient stage of treatment at the Republican Cli-
nical Antituberculosis Dispensary of the Ministry
of Health of the Republic of Tatarstan in 2017-2020.

The inclusion criteria were as follows:

— Confirmed diagnosis of PTB

— COPD according to the respiratory func-
tion (RF) [forced expiratory volume per 1 second
(FEV )/forced vital capacity (FVC) < 70%] after
an acute test with a bronchodilator in combination
with chronic smoking history

— Satisfactory general condition

— Agreement with the need for long-term use of
a bronchodilator

— Ability to perform correctly the respiratory
maneuvers during the study of the RF

The exclusion criteria were as follows:

— Bronchial asthma

— Serious condition

— Hemoptysis and/or pulmonary hemorrhage

— Acute phase of myocardial infarction

— Chronic heart failure
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— Dyspnea at rest

— History of thoracic surgeries

— Exudative tuberculous pleurisy

— Severe side effects of GB

— Refusal of GB administration

— Extrapulmonary TB

Patients provided informed consent for the ne-
cessary examination and treatment. The study was
approved by the local ethical committee of the Cen-
tral Research Institute of Tuberculosis (Protocol
No. 4/2 dated December 30, 2019).

The examination plan, in addition to the clini-
cal, radiological (including high-resolution compu-
ted tomography), microbiological, laboratory, and
instrumental examinations recommended in ac-
cordance with the standard for examination of pa-
tients with PTB, included an acute test with GB
(once 50 pg as powder inhalation), assessment of
RF before inhalation, and 15, 30, 120 min, and
23 h 45 min (next day) after GB inhalation. RF
evaluation included spirometry, forced expirato-
ry flow-volume loops, body plethysmography, and
evaluation of the diffusion capacity of the lungs
using the single-breath method (Medical Graphics
Elite, USA).

The study of RF 23 h after GB inhalation was
repeated in dynamics 30, 60, and 90 days after the
start of GB treatment. The intake of bronchodila-
tors by the patients was facilitated by the nursing
staff, including weekly control over the issuance of
capsules for inhalation. The clinical examination
included the initial and monthly completion of the
questionnaire for the COPD assessment test (CAT),
assessment of the severity of dyspnea (Modi-
fied Medical Research Council Dyspnea Scale
[mMMRC]), survey using the short form of the ques-
tionnaire for quality of life (Short Form-36 Health
Survey Questionnaire [SF-36]), and St. George’s
Hospital questionnaire (St. George’s Respiratory
Questionnaire [SGRQ)]).

Statistical analysis was performed using the
Statistica 6.0 package with the calculation of mean
values and standard deviation (SD), using analy-
sis of variance and correlation analysis, and paired
Student’s test at a significance level of p < 0.05.

Overall, the average patient age was 51.3 + 11.6
years; men predominated (92.1%, n = 35), which is
typical for patients with COPD. More often, a new
case of PTB was diagnosed (47.4%, n = 18). Re-
lapse of PTB (26.3%, n = 10) and chronic PTB
(23.7%, n = 9) were detected less often, but equally.
Thus, COPD was approximately equally diagnosed
in patients with newly detected PTB and relapsed
or chronic cases of PTB.

Patients with active PTB (groups IA and IB)
prevailed in the dispensary registration, in 50.0%
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(n = 19) and 23.7% (n = 9) of the cases, respec-
tively. Nine patients had chronic PTB (group 11A;
23.7%). In one patient, inactive PTB was diagnosed
as metatuberculous pneumosclerosis.

Among the patients who were newly diagnosed
and in the whole group, infiltrative PTB was pre-
dominant (60.5%, n = 23). Fibrocavernous PTB was
diagnosed less frequently (26.3%, n = 10), which to-
gether with cavernous PTB (2.63%, n = 1) accoun-
ted for 1/3 of all patients. Other clinical forms of
PTB were less common and included disseminated
PTB (5.3%, n = 2) and caseous pneumonia (2.63%,
n = 1). Patients with destructive PTB accounted for
68.4% (n = 26). Bacterial excretion (by all methods)
was detected in 27 (71.1%) patients. Multidrug-re-
sistant TB was revealed in 10 (52.6%) patients and
extensive drug-resistant TB in 2 (5.3%) patients.
A high erythrocyte sedimentation rate (34.2 +
19.5 mm/h) indicated initially severe intoxication.

Results

Based on the results of spirometry, including an
acute test with GB, CAT, and assessment of the se-
verity of dyspnea on the mMRC scale, the patients
were stratified according to the severity of COPD.

Following the spirometric classification, pa-
tients with moderate COPD (68.4%) dominated
the group, whereas severe (15.8%) and very severe
(2.6%) COPD was less common.

According to the COPD classification, there
were more patients with types A (26.3%, n = 10)
and B (52.6%, n = 20) with a low frequency of ex-
acerbations than those with types C (7.9%, n = 3)
and D (13.2%, n = 5) with a high rate of exacerba-
tions and poor prognosis. Patients were rarely hos-
pitalized for severe exacerbation of COPD during
the last year.

The average CAT score was >10 (13.3 £ 7.6)
points. Majority of the patients had minor (36.8%,
n = 14) and moderate (44.7%, n = 17) adverse ef-
fects of COPD. Strong (21-30 points) and very
strong (>0 points) negative effects of COPD were
registered in 6 (15.8%) and 1 (2.63%) patient, re-
spectively.

The severity of respiratory failure was assessed
using the mMRC scale. In most patients, dyspnea
was mild (60.5%, n = 24, MRC1) or moderate
(21.1%, n = 8, MRC2), whereas 5.3% (n = 2) and
10.5% (n = 4) of the patients had severe (MRC3)
and extremely severe (MRC4) dyspnea. Dyspnea
occurred only with significant physical exertion in
1 (2.6%) patient (MRCO).

The vast majority of patients were heavy smo-
kers. The average smoker index was 30.9 = 17.5,
which indicates a high risk of not only COPD but
also oncological diseases.

Table 1. Parameters of spirometry, body plethysmography,
and diffusion capacity of the lungs of patients with pulmo-
nary tuberculosis associated with chronic obstructive pul-

monary disease at the time of inclusion in the study

n (n =38), % d.v. (n=138)
Parameter M < SD M+ SD

FVC,L 3.1+0.68 71.2+15.86
FEV,L 1.79£0.49 52.3+13.84
FEV, (after
bronchodilator), L 2.08 £0.52 61.02 £ 14.71
FEV /FVC,% 57.2+10.59 —
FEV /FVC (after
bronchodilator),% 58.7+12.78 —
PFR, I/s 4.0=+1.14 46.1 £13.95
MFR,, I/s 23+1.0 35.8+14.8
MEFR,, I/s 1.16 .57 27.1+11.84
MFR_, I/s 0.5+.27 35.1+18.10
Raw tot, kPa/l/s 0.25+0.15 176.0 = 110.7
TLC,L 6.29 +1.08 100.0 + 16.06
RLV, L 2.71+0.88 142.5 +44.93
RLV/TLC,% 41.99 +12.38 141.86 + 36.46
DLCO (SB), mM/
min/kPa 4.95+2.05 52.3+19.16
DLCO/Va, mM/
min/kPa/L 1.01+0.33 67.64 +20.60

Note: d.v., due value; FVC, forced vital capacity of the lungs;
FEV,, forced expiratory volume per 1 second; PFR, peak
flow rate; MFR,, MFR,, and MFR_, maximum flow rates at
the level of FVC 25, 50, and 75%, respectively; Raw tot, to-
tal airway resistance; TLC, total lung capacity; RLV, residual
lung volume; DLCO, diffusion lung capacity for CO; DLCO/
Va, specific DLCO.

A study of RF was performed, including spi-
rometry and body plethysmography, and the diffu-
sion capacity of the lungs was evaluated using the
single exhalation method before inclusion in the
study (Table 1) as well as over time.

In general, moderate obstructive disorders were
detected in the group, and the FEV /FVC ratio (%)
before and after an acute test with a bronchodilator
was significantly below 70%, which is a necessary
condition for making a diagnosis of COPD. Along
with this, an increase in the total airway resistance
compared with the norm (120% d. v.) was noted.

The average total lung capacity was within the
conventional norm. The normal total lung capaci-
ty associated with a high RLV as a manifestation
of the “trapped air” and an increase in the ratio of
the RLV to the total lung capacity supports the pre-
dominance of the mixed obstructive—restrictive
type of ventilation disorders in the patients. Re-
strictive disorders are caused by the presence of
chronic and/or generalized PTB in approximately
1/3 of the patients. These RF disorders should be
considered specific for PTB associated with COPD.

The low initial value of the diffusion capacity
of the lungs for CO (52.3 £ 19.16% d.v.) in the total
group in combination with a low value of the spe-
cific diffusive capacity of the lungs for CO (67.64 +
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20.60% d.v.) indicated the presence of true diffu-
sion disorders. This may be associated with both
the presence of pulmonary emphysema and infil-
trative and/or fibrous changes in the lung tissue due
to PTB.

With high-resolution computed tomography,
emphysema was detected in 65.8% of the patients,
with emphysematous bullae having a diffuse loca-
tion (in all lobes) in 43.7%. Multifocal location (in
several lobes) was registered in 28.1% of the pa-
tients.

An analysis was made of the relationship be-
tween PTB aspects (according to case classifica-
tion) and ventilation parameters that reflect the
severity of obstructive disorders. FEV, was re-
duced in all groups, with 54.1% + 11.35%, 55.5% +
14.69%, and 44.9% =+ 16.9% d.v. in the new case,
relapse, and chronic PTB groups, respectively.
The difference between the groups was not sig-
nificant (F = 1.18, p = 0.33). The residual volume
of the lungs was moderately increased in these
groups, with 137.4% + 36.60%, 148.9% + 28.85%,
and 144.1% + 73.56% d.v., respectively; however,
no differences were noted between the groups
(F=0.17, p= 0.91). The total lung capacity was
within the conventional norm in all groups, with
99.4% =+ 13.79%, 106.6% + 15.79%, and 91.7% =+
18.02% d.v., respectively (F = 2.05, p = 0.12).

In all subgroups, patients with moderate and se-
vere COPD predominated (according to spiromet-
ric classification), with 72.2% and 16.7% in the new
case group, 90.0% and 0.0% in the relapse group,
and 33.3% and 33.3% in the chronic TB group, re-
spectively (x> = 10.03, p = 0.347). Thus, no dif-
ference in COPD severity was noted between the
groups.

An acute test with GB was assessed (before and
15 min after inhalation), and the dynamics of ven-
tilation parameters was studied after 30 and 120
min, as well as after 23 h 45 min. The results of the
statistical analysis are presented in Table 2.

A single inhalation of 50 pg of GB resulted in
improvements during the day in most ventilation
and bronchial patency parameters (Table 2). A cli-
nically significant (more than 12% of baseline) in-
crease in FEV, was noted after 15 minutes. After
30 minutes, the improvement of FEV, increased
and reached its maximum after 120 minutes. The
increase in FEV | persisted the next day after 23
hours and 45 minutes from the inhalation.

Similar changes were detected for PFR and
MFR, (Table 2). The changes in PFR increased
from 15 to 120 minutes from +9.2% to +22.1%
and remained positive the next day (+10.9%). The
changes in MFR, during the day were more than
15% of the baseline, at +42.0%, +23.3%; +37.1%,
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and 1+21.0% after 15, 30, 120 min, and 23 h 45 min,
respectively.

The increase in FVC parameters during the day
was +17.5%, +17.3%, +20.5%, and +6.36% after 15
min, 30 min, 120 min, and 23 h 45 min, respec-
tively, which may be due to the normalization of
the total lung capacity following a decrease in the
RLV, which means a decrease in the severity of the
“trapped air” (Table 2).

As regards the effect of GB during the treatment
course (1-3 months), positive changes in both pa-
rameters associated with bronchial patency (FEV,,
PFR, and MFR, ) and FVC were noted (Table 2). Af-
ter 1, 2, and 3 months of GB treatment, the change
rates were +13.1%, +9.3%, and +11.7% for FEV ;
+16.5%, +14.1%, and +20.8% for PFR; +12.8%;
+16.16%, and +21.8% for MFR_; and +12.78%;
+5.77%, and +6.12% for FVC, respectively.

Thus, both during day 1 after GB inhalation and
after 2-3 months of the treatment course, a clinical-
ly significant improvement in ventilation parame-
ters was registered.

Changes in body plethysmography parameters
were assessed (Table 3). The total airway resistance
decreased 23 h 45 min after a single inhalation of
GB on the next day with —18.5%, after 1 month
with —15.1%, and after 3 months with —16.5% of the
treatment course. A decrease in the RLV as a result
of a decrease in the “trapped air” was recorded 23
h 45 min after GB inhalation on day 30 (-16.8%)
and day 90 (—11.2%). Changes in total airway resis-
tance and RLV were associated with the broncho-
dilator effect of GB.

Changes in total lung capacity after 24 h, 30
days, 60 days, and 90 days of the treatment course
were insignificant (Table 3), which could be due to
the multidirectional nature of the influence of both
GB and morphological changes in the lung tissue
on this parameter during chemotherapy.

A statistical analysis of the correlation of ven-
tilation indicators at different time points was per-
formed. A significant positive correlation was
noted between changes in FEV, 15 min after a sin-
gle inhalation of GB on day 1 with the changes in
FEV, after 30 min (» = +0.912; p = 0.0001), after
120 min (» =+0.913; p =0, 0001), after 23 h 45 min
on day 2 (r =+0.578; p = 0.009), and after 1 month
of treatment with GB (r = 0.688; p = 0.001).

The quality of life of patients was evaluated ac-
cording to CAT, SF-36, and SGRQ at baseline and
after 3 months of GB treatment.

The initial (before GB treatment) values of the
SF-36 quality of life domains the total group was
different from the population values in Russia [14],
namely, 63.9 + 26.3 points (77.0 in Russia) for phy-
sical functioning, 48.6 +42.5 (53.8 in Russia) for role
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Table 2. Initial values and changes over time in spirometry parameters after inhalation of 50 pg of glycopyrronium bromide
in patients with pulmonary tuberculosis associated with chronic obstructive pulmonary disease (Student’s ¢-test, pairwise

comparison).
Parameter FVG, L, FEV,, L, PFR, Us, MER,, /s,
aramete M+ SD M+ SD M+ SD M+ SD

Bascline, before glycopyrronium bro- 3.13+0.68 1.79 + 0.49 4.00+1.13 1.16 +0.57
mide (n = 38)
After 15 min (n = 38) 3.66 + 1.042* 2.04 £ 6.98* 428 +1.28 1.60 £0.75%
Changes in relation to the baseline, % +17.53 +30.1 +15.2+£13.93 +9.21 £23.18 +42.04 + 35.29
" t=3.87. t="7.48. t=2.29. t="7.51.

P p=0.0004 p=10.0001 p=10.027 p=10.00001
After 30 min (rn = 38) 3.66 + 1.02* 2.08 £ 0.52%* 4.43+1.24 1.41+£0.71%*
Changes in relation to the baseline, % +17.36 £ 0.28 +18.35 +16.82 +13.15+21.2 +23.29 +35.29
¢ t=4.09. t=7.37. t=4.02. t=3.34.

P p=10.0002 p=10.0001 p=10.003 p=10.002
After 120 min (n = 38) 3.76 £ 1.04 2.16 £0.55* 478 £1.23 1.55+.79*%
Changes in relation to the baseline, % +20.54 +29.79 +22.8+17.7 +22.08 +21.89 +37.07 + 39.18
¢ t=4.73. t=19.04. t=7.69. t=5.154.

P p=10.0001 p=10.0001 p=10.0001 p=10.00001
After 23 h 45 min (n = 38) 3.31+0.74* 1.96 + 0.47* 439+1.28 1.35 £ 0.54*
Changes in relation to the baseline, % +6.36 +12.71 +11.24 £ 10.94 +10.95 +15.99 +21.0 £26.17
" t=2.99. t=6.5. t=4.02. t=4.47.

P p =0.005 p =0.0001 p =0.0003 p=0.0001
Baseline 3.10+0.69 1.73£0.45 3.94+£1.09 1.07 £0.40
After 1 month (n = 27) 3.50+0.93* 1.93 + 0.49* 446+ 1.17 1.16 £0.49
Changes in relation to the baseline, % +12.78 £19.24 +13.1+£19.17 +16.48 £ 28.35 +12.85+34.23
¢ t=3.56. t=3.73. t=3.31. t=1.32.

P p=0.0014 p=10.0009 p=0.003 p=0.19
Baseline 3.19+0.73 1.82+0.39 4.13+£1.02 1.14£0.39
After 2 months (n =21) 3.39 + .89* 1.99 £ 0.45% 4.67+1.19 1.32£0.52%
Changes in relation to the baseline, % +5.77 £9.49 +9.3£6.62 +14.08 £ 15.51 +16.16 +21.79
" t=3.05. t=5.95. t=3.80. t=3.25.
P p=0.006 p=10.0001 p=10.001 p=0.004
Baseline 3.26 £ 0.69 1.84 £0.37 4.17+1.01 1.12+0.36
After 3 months (n = 19) 3.47 + .87* 2.05+0.50* 4.95+1.30 1.35+0.57*
Changes in relation to the baseline, % +6.12 £ 9.91 +11.68 £ 14.79 +20.76 + 25.05 +21.8+£29.0
) t=2.54. t=3.14. t=13.30. t=2.94.

P p=0.02 p=0.006 p=0.004 p=10.009

Note: FVC, forced vital capacity of the lungs; FEV , forced expiratory volume per 1 s; PFR, peak flow rate; MFR

flow rate at FVC 50%.

50°

maximum

functioning due to physical condition, 75.5 + 28.4
(61.3 in Russia) for pain intensity, 53.0 £ 19.1 (56.5
in Russia) for the general well-being, 61.5 + 21.1
(55.1 in Russia) for vital activity, 75.7 + 29.5 (69.7
in Russia) for social functioning, 43.2 + 45.7 (57.2
in Russia) for role functioning due to the emotional
state, 68.7 £ 17.0 (58.8 in Russia) for mental health,
48.9 £ 5.9 for the physical component of health, and
53.2 + 9.6 points for the mental aspect of health.

The aspects of the quality of life according to
the SGRQ in total group were below the norm, with
51.5 £ 19.65 for symptoms (normal, 9-15), 50.6 +
21.44 for activity (physical) (normal, 7-12), and
36.1 = 23.85 for influence (negative effect on the
emotional state) (normal, 5-7).

During the GB treatment, the quality of life
of the patients with COPD-associated PTB im-
proved in most parameters. The total CAT score
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Table 3. Baseline and changes in body plethysmography parameters after 23 h 45 min, 30 days, 60 days, and 90 days of
inhalation of 50 ug of glycopyrronium bromide once a day in patients with pulmonary tuberculosis associated with chronic
obstructive pulmonary disease (Student’s t-test, pairwise comparison)

RF parameter Raw tot, kPa/l/s TLC, L RLV, L
Baseline 0.236 +0.129 6.25+1.06 2.65+0.08
After 23 h 45 min (n =37) 0.184 +0.115 6.24+1.10 2.72 +0.80
Changes in relation to the baseline, % —18.53 £24.88 +0.51 £0.12 -0.16 £29.76
t=6.4. _ _
t,p p=0.0001 p=0.95 p=0.65
Baseline 0.272+0.170 635+1.14 2.87+0.90
After 1 month (n=27) 0.221 £ 0.146 6.23 +1.17 241 +1.12
Changes in relation to the baseline, % —15.17 £25.56 -1.56£9.05 —16.84 £ 28.19
t=3.01. _ t=3.51.
Lp p=0.006 p=034 p=0.002
Baseline 0.231+£0.111 6.23+1.13 2.73 +£0.65
After 2 months (n =21) 0.196 +£0.074 6.37+1.15 2.52+0.90
Changes in relation to the baseline, % —10.0 +29.02 +3.04 +13.8 -3.5+42.31
t=1.96. _ -
t,p p=006 p=0.44 p=0.36
Baseline 0.231 +0.067 6.35+1.12 2.78 £ 0.65
After 3 months (n = 19) 0.164 £ 0.060 631+1.14 2.46 +0.73
Changes in relation to the baseline, % —16.55+36.68 -0.41 +£8.21 -11.2+18.27
t=3.08. _ t=2.59.
Lp p=0.006 p=074 p=0018

Note: RF, respiratory function; Raw tot, total airway resistance; TLC, total lung capacity; RLV, residual lung volume.

after 3 months of GB treatment decreased by 7.0
points from 12.15 + 6.62 (baseline) to 5.15 £+ 4.63
(t=-5.35, p = 0.0001) and became below the
meaningful threshold of 10 points. The mental
health domain of the SF-36 questionnaire after 3
months of GB treatment increased by 9.2 points
from 46.97 + 9.92 (baseline; n = 19) to 56.13 +
5.61 (after 3 months of treatment; t = 3.91, p =
0.001). Moreover, the positive dynamics of the
physical health domain in the SF-36 questionnaire
after 3 months was not significant [+3.5; 46.5 +
8.4 (n = 19) and 49.9 + 7.76 points, respectively
(t=1.69, p = 1.67)].

After 3 months of GB treatment, an improve-
ment in the quality of life was noted for all as-
pects of the SGRQ questionnaire. The severity of
symptoms decreased by 21.7 points, namely, 49.2 £
20.95 (n = 17) at baseline and 27.4 + 13.42 after
3 months (t = =5.9, p = 0.0001). The index of de-
crease in physical activity decreased by 14.8 points,
namely, 46.6 = 18.99 (n = 17) at baseline and 31.7 +
14.57 after 3 months (t = —6.5, p = 0.0001). The in-
dicator of negative effect on the emotional state de-
creased by 18.2 points, namely, 34.4 £ 21.67 (n =
17) at baseline and 16.2 & 21.19 after 3 months (t =
—3.49, p =50.003).
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Discussion

The problem of comorbidity in PTB is very rele-
vant. Along with HIV infection, chronic viral hepa-
titis, coronary heart disease, diabetes mellitus, and
COPD are the most frequently diagnosed comor-
bidities [3]. In patients with PTB, the presence of
COPD not only aggravates the existing symptoms
(cough and asthenia), but also leads to the develop-
ment of respiratory failure and a decrease in exer-
cise tolerance [5].

The specificity of BOS in COPD-associated
PTB is that chronic PTB relapse leads to the deve-
lopment of bronchial obstruction, thereby exacer-
bating obstructive disorders caused by COPD [5].
The clinical structure of the study group fully re-
flects this dependence, and patients with newly dia-
gnosed PTB (47.4%), with BOS caused mainly by
COPD, were equally represented by chronic PTB
(23.7%) and relapse (26.3%), which became a fac-
tor in BOS development.

The analysis justified the diagnosis of COPD,
as the FEV /FVC parameter after the test using
a bronchodilator was <70%, and the average smok-
er index for the group was >30 (30.9), which in-
dicated a high risk of not only COPD but also of
oncological diseases. The average patient age
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was >50 years (51.3 years), which is also typical
for COPD [13]. Among patients with moderate
COPD (68.4%), those with type B predominated.
High-resolution computed tomography detected
emphysema in approximately 78% of cases, which,
along with fibrotic and infiltrative changes in the
lungs, decreased the diffusion capacity of the lungs
(52.3% d.v.).

We used GB in the bronchodilator therapy, as
early studies have shown its efficiency in patients
with COPD [12], and the possibility of prescribing
long-acting anticholinergics as monotherapy is pre-
sented in the clinical recommendations of the Rus-
sian Respiratory Society [13].

A study of the dynamics of the RF parameters
showed that GB in patients with COPD-associated
PTB had a similar effect on the state of bronchi-
al patency, as in patients with COPD without PTB
[12]. GB was effective in the acute test, and the in-
crease in FEV | after 15 min (+15.2%) and 30 min
(+18.3%) was higher than 12% of the baseline.
This effect peaked after 120 min (22.8%) and was
clinically significant after 23 h 45 min (+11.24%).
We also found the effect of long-term use of GB,
with +9.3% and +11.7% after 2 and 3 months of
treatment, respectively. The results of this study
confirm previously published data on the effica-
cy and nature of the action of GB in patients with
COPD [11].

Body plethysmography parameters significant
for diagnostics of bronchial obstruction also re-
sponded positively to GB treatment. Thus, after 1
and 3 months, a significant decrease was found in
both total airway resistance (—15.17 and —16.55%,
respectively) and RLV, namely, the severity of the
“trapped air” (—16.84% and —11.2 %, respectively).

The positive effect of GB was proven by analyz-
ing not only its effect on the RF parameters but also
on the parameters of the quality of life and CAT
results, which is also consistent with previously
published data [11]. After 3 months of GB treat-
ment, a clinically significant change in the severi-
ty of COPD symptoms was noted as a decrease in
the total CAT score (—7.0 points) below the thresh-
old of 10 points (negative effect of COPD on pa-
tient health). There was also an improvement in
the quality of life according to SGRQ with a de-
crease in COPD symptoms (—21.7), physical ac-
tivity (—14.8), and negative effect of COPD on the
emotional state (—18.2).

Conclusions

1. A single inhalation of 50 pg of GB in patients
with COPD-associated PTB had a beneficial effect
during the day on the parameters of external res-
piration.

2. The course of treatment with 50 ug of
GB once a day for 1-3 months in patients with
COPD-associated PTB led to an improvement in
bronchial patency.

3. GB treatment resulted in the improvement of
body plethysmography parameters.

4. The results of the questionnaire survey
showed that GB had a positive effect on the qua-
lity of life of patients with COPD-associated PTB.

5. GB can be recommended for the treatment of
patients with COPD-associated PTB.
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