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a  b  s t  r a  c t

Introduction:  The majority  of the  studies  on pulmonary  rehabilitation  (PR) in post-tuberculosis lung

disease (PTLD) were  from a single  center, had  a low sample size  and/or  did  not  allow  a complete functional

evaluation before  and  after  PR  program  (PRP).  The objective  of  this  study was to evaluate  if  PTLD patients

had benefits  from  PR  in a large collaborating  multicentre  study conducted  in reference  centers  in Brazil,

Italy and  France.

Methods: PTLD  patients  underwent a comprehensive  5-week  PRP  (Group  1),  and were  compared with

non-rehabilitated patients (Group 2).  Pulmonary function  tests,  6-minute walk  test  (6MWT),  and  arterial

blood  gas analysis  were measured  two  times: before and  at  the  end of  the  PRP (Group 1),  and  at the

beginning  of the  follow-up and after  3 months  (Group 2).

Results:  Eighty-five  patients  were  included in  Group  1 and  96  patients in Group 2. Several  functional

parameters  improved  after  rehabilitation,  such  as  forced  expiratory  volume  in one  second  (FEV1),  forced

vital  capacity (FVC), diffusing  capacity  of the  lung for  carbon  monoxide  (DLCO), distance  walked in 6MWT,

the  initial and  final  SaO2 at 6MWT.  In  Group  2, several functional  parameters decreased  after 3 months.

Conclusions:  We demonstrated  the  benefits  from  PRP  in  patients  with  PTLD,  including improvements  in

lung  function  and in exercise  capacity.  National  TB programs should  ensure  the  availability  of  accessible

and  quality  post-treatment PRP  for  PTLD patients.

©  2025  SEPAR. Published by  Elsevier España,  S.L.U. All  rights  are  reserved,  including those for  text

and  data  mining,  AI training,  and similar  technologies.

Introduction

Worldwide, more than 10 million people fell ill with tubercu-
losis (TB) every year, and a  total of 1.25 million people died from
TB in 2023. However, TB is preventable and curable; with current
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recommended treatments, more than 85% of people with TB can
be cured. In 2020, it was estimated that  there were 155 million TB
survivors still alive globally.1

After treatment completion, up to  50% of patients (and more
than 70% of those with multidrug resistant TB) develop post-TB
lung disease (PTLD), defined as “evidence of chronic respira-
tory abnormality, with or without symptoms, attributable at
least in  part to previous (pulmonary) TB.”2,3 The most frequently
reported sequelae of pulmonary TB include radiological findings
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(cavities, bronchiectasis, fibrosis), chronic obstructive pulmonary
disease (COPD), spirometry abnormalities (obstruction, restriction,
and mixed patterns), in  addition to  psychosocial challenges, and
reduced health-related quality of life.4–6 It  has been estimated that
substantial patients’ suffering happens after the completion of anti-
TB treatment: out of 122 million Disability Adjusted Life Years
(DALYs) due to incident TB  disease estimated in 2019, 58 million
DALYs have been attributed to PTLD, representing 47% of the total
burden estimate.7

According to World Health Organization (WHO)’s policy,5 reha-
bilitation is an essential health service and should be available for
people affected by  TB-associated disability. Pulmonary rehabili-
tation (PR) has been proven to be helpful in  patients with other
chronic respiratory diseases, such as COPD. Although some evi-
dence exists on the effectiveness of rehabilitation in PTLD patients,
the present guidance6,8,9 was based on small cohorts from a  sin-
gle center (with a  sample size  not exceeding 20–30 cases, often
not evaluating all recommended variables before and after reha-
bilitation) and assuming analogies with the efficacy/effectiveness
of rehabilitation observed in  COPD patients.10–15 Furthermore, no
previous study had a  control Group of non-rehabilitated patients
and was able to analyze the effectiveness of rehabilitation sepa-
rately for PTLD with and without COPD (and, in COPD patients, by
COPD severity), given that COPD is  common among these patients.8

Therefore, taking advantage of the recently published national
PTLD management guidelines6 and of the availability of both
a large cohort of rehabilitated PTLD patients (evaluated for all
the recommended variables) and of a  comparable control cohort,
the objectives of this study were, in a  large collaborating multi-
centre study conducted in  reference centers in Brazil, Italy and
France, to evaluate if patients with PTLD had benefits from PR in
comparison with non-rehabilitated patients, and to evaluate effi-
ciency/effectiveness of rehabilitation in  PTLD patients with and
without COPD.

Methods

Study Location and Design

We  conducted a  multicentre study, in three Brazilian refer-
ence centers: Instituto de Doenç as do Tórax (IDT) da Universidade
Federal do Rio de Janeiro – Rio de Janeiro (RJ), Hospital Especial-
izado Octávio Mangabeira- Salvador (BA), and Hospital de Clínicas
de Porto Alegre – Porto Alegre (RS) in  collaboration with Istituti
Clinici Maugeri, Care and Research Institute, Tradate, Italy and the
Department of Respiratory and Sleep Medicine. Cochin Hospital.
University Paris Cité, Paris, France.

Study Population and Data Collection

Consecutive adult patients (>18 years) with a history of TB
and PTLD enrolled in a PR Program (PRP) were prospectively
included in the study between January 2023 and August 2024. The
inclusion criteria were patients with pulmonary TB, with bacteri-
ological confirmation, and all were cured or  achieved treatment
success (cured +  treatment completed) as per WHO  definition.1

The exclusion criteria were patients unable to attend PRP  ses-
sions. Definitions and procedures were derived from the Sociedade
Brasileira de Pneumologia e  Tisiologia (SBPT) guidelines on PTLD
management.6 We compared these patients (Group 1) with a
cohort of non-rehabilitated patients, that  were followed-up for one
year and evaluated at three months for the purposes of this analysis
(Group 2). These patients had monthly appointments.

A study protocol (Fig. 1)  was approved and pre-tested in  10
patients. Patients underwent a  comprehensive outpatient-based 5-

Fig. 1.  Study protocol.

week PRP (25 days, not necessarily consecutive within a  maximum
time of 3 months) including: (1) At least 15 aerobic training ses-
sions (performed on a  cycle ergometer) of 30 min  in total (5 min of
warm-up, 20 min  of aerobic training at maximum Watt calculated
according to  the Hill formula,16 5 min  of warm-down). The mini-
mum adherence to the training sessions was 80% (20 days); and
(2) At least three individual educational meetings for guidance on
inhalation therapy, maintenance physical exercises, daily physical
activities, bronchial hygiene techniques and home oxygen therapy
were conducted. As patients need to travel to the hospital for reha-
bilitation, and this is done using their own  resources, they do not
always have the financial means to pay for transportation 3–5 times
a week. This is  the rationale for the choice to allow patients up to  3
months to  complete a 5-week intervention program.

All patients were assessed twice (before and at the end of the PRP
at month 3 for the Group 1, and at the beginning of the follow-up
and after 3 months, for the Group 2),6,8 including: (1) Spirom-
etry, lung volumes/capacities and measurement of the diffusing
capacity of the lung for carbon monoxide (DLCO), according to
the guidelines of the American Thoracic Society/European Respi-
ratory Society,17–19 using the reference values for the Brazilian
population20; (2) 6-minute walk test (6MWT), performed in a 30-m
corridor, with continuous monitoring of peripheral oxygen satu-
ration (SpO2) and heart rate. The distance walked in 6  min  was
recorded. The test was performed according to  the guidelines and
expected values previously described21,22;  and (3) Arterial blood
gas analysis, to  assess arterial oxygen pressure (PaO2)  and arterial
oxygen saturation (SaO2).
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Table  1

Characteristics of the Study Population.

Characteristics Group 1 (Reha-

bilitation)

(n = 85)

Group 2 (No

Rehabilitation)

(n = 96)

p Value

Age, years (mean ± SD) 61.7 ± 12.8 64.5 ± 11.5 0.128

Male sex 60 (70.6) 56 (58.3) 0.119

BMI, kg/m2 (mean ± SD) 24.2 ± 5.4 24.3 ± 4.8 0.932

Smoking habits

Former smoker 46 (54.1) 52 (54.2) 0.999

Active smoker 8 (9.4) 11 (11.4) 0.837

Never smoker 31 (36.5) 33 (34.4) 0.890

Symptoms

Cough 71 (83.5) 58 (60.4) 0.001*

Sputum production 44 (51.8) 44 (45.8) 0.517

Dyspnea 76 (89.4) 79 (82.3) 0.250

Comorbidities

HIV positive 4 (4.7) 3 (3.1) 0.708

COPD 60 (70.6) 62 (64.6) 0.483

Asthma 6 (7.1) 10 (10.4) 0.595

Diabetes mellitus 8 (9.4) 7 (7.3) 0.806

Previous lung surgery 3 (3.5) 0 0.102

Long-term oxygen therapy 2 (2.4) 0 0.219

MDR-TB 2 (2.4) 0 0.219

DS-TB 83 (97.6)

Ventilatory pattern

Obstructive 56 (65.9) 56 (58.3) 0.373

Restrictive 6 (7.1) 10 (10.4) 0.595

Mixed 8 (9.4) 9 (9.4) 0.999

Normal 15 (17.6) 21 (21.9) 0.600

Radiological pattern

Cavities 18 (21.2) 13 (13.5) 0.245

Bronchiectasis 34 (40.0) 32 (33.3) 0.438

Emphisema 60 (70.6) 63 (65.6) 0.579

Lung fibrosis 12 (14.1) 14 (14.6) 0.999

SD = standard deviation; BMI  = body mass index; HIV =  human immunodeficiency

virus; COPD = chronic obstructive pulmonary disease; MDR-TB =  multidrug resistant

tuberculosis; DS-TB =  drug sensitive tuberculosis.
* Statistically significant p-value.

In addition, a  form with demographic data (age, sex, race),
body mass index (BMI), smoking habits, presence of symptoms and
comorbidities was completed for each patient. COPD severity was
classified according to GOLD.23

Statistical Analysis

Data analysis was performed using SPSS 18.0 (Statistical Package
for the Social Sciences, Chicago, IL). Data were presented as num-
ber of cases, mean ± standard deviation (SD), or  median with first
(Q1) and third (Q3) quartiles. Comparative analyses were carried
out between the pre-PRP and post-PRP data after 3 months (Group
1), and between initial evaluation and evaluation after 3 months
(Group 2). Categorical comparisons were performed by Chi-square
test using Yates’s correction if indicated or by Fisher’s exact test.
Continuous variables were compared using the Wilcoxon signed
ranks test. A two-sided p  value <  0.05 was considered significant
for all analyses.

The sample size calculation was based on a  previous study,10

which demonstrated an increase in the distance walked from 399 m
to 467 m, with a  standard deviation of 63 m,  after a PRP. Thus, con-
sidering an alpha error of 5%, a  power of 80% and approximately
20% losses, it will be  necessary to include at least 17 patients in the
study. T
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Table  3

Comparison of Pulmonary Function Tests Between COPD and No COPD Patients Who  Underwent Rehabilitation.

COPD (n  =  60) No COPD (n =  25)

Time  1 (Pre-Rehabilitation) Time 2 (Post-Rehabilitation) p Value Time 1 (Pre-Rehabilitation) Time 2 (Post-Rehabilitation) p Value

FEV1 post-BD (L) 1.04 ± 0.54 1.27 ± 0.65 <0.0001* 2.06 ± 1.05 2.27 ± 1.14 0.002*

FEV1 post-BD (%) 37.9 ± 17.7 43.4 ± 19.3 0.002*  67.6 ± 25.3 69.5 ± 29.7 0.684

FVC post-BD (L) 2.16 ± 0.74 2.45 ± 0.86 0.001* 2.91 ± 1.09 3.07 ± 1.28 0.158

FVC post-BD (%) 60.4 ± 20.6 66.6 ± 21.7 0.009*  72.3 ± 22.1 76.8 ± 22.6 0.211

FEV1/FVC post-BD 49.1 ± 15.7 53.4 ± 13.6 0.038* 84.5 ± 19.9 84.1 ± 19.9 0.871

TLC (L) 7.63 ± 5.98 6.81 ± 1.59 0.431 4.92 ± 0.29 5.23 ± 0.73 0.500

TLC (%) 117.6 ± 19.0 118.9 ± 34.6 0.809 46.5 ± 33.2 92.0 ± 19.8 0.439

RV  (L) 4.26 ± 1.01 6.47 ± 12.2 0.298 1.11 ± 0.57 3.09 ± 1.27 0.368

RV  (%) 209.9 ± 64.5 227.8 ± 84.0 0.151 67.5 ± 54.4 183.0 ± 197.9 0.459

DLCO  6.67 ± 5.27 10.6 ± 4.66 <0.0001* –  – –

DLCO  (%) 37.5 ± 17.3 41.7 ± 13.5 0.079 –  – –

PaO2 66.2 ± 15.1 70.2 ± 13.9 0.144 –  – –

SaO2 91.2 ± 6.20 93.1 ± 6.65 0.226 –  – –

6MWT  (m)  337.2 ± 117.3 395.6 ± 115.3 <0.0001* 435.3 ± 143.2 493.9 ± 154.6 0.001*

6MWT  (initial SpO2) 93.9 ± 2.38 95.1 ± 2.44 0.001*  96.7 ± 2.21 97.3 ± 1.88 0.162

6MWT  (final SpO2) 87.6 ± 5.86 89.6 ± 4.88 0.005*  94.4 ± 5.71 96.4 ± 3.74 0.074

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in first second; BD = bronchodilator; L =  liters; FVC = forced vital capacity; TLC =  total lung

capacity; RV = residual volume; DLCO = diffusing capacity of the lung for carbon monoxide; PaO2 = arterial oxygen pressure; SaO2 = arterial oxygen saturation; 6MWT =  six-

minute walking test; m =  meters; SpO2 =  pulse oxygen saturation.
* Statistically significant p-value.

Table 4

Comparison of Pulmonary Function Tests Between COPD and No COPD Patients Who  Did Not Underwent Rehabilitation.

COPD (n = 62) No COPD (n  =  34)

Time 1 (Initial Evaluation) Time 2 (Evaluation in 3 Months) p  Value Time 1 (Initial Evaluation) Time 2 (Evaluation in 3 Months) p Value

FEV1 post-BD (L) 1.53 ± 0.76 1.28 ± 0.79 <0.0001* 1.89 ± 0.93 1.58 ± 0.69 0.001*

FEV1 post-BD (%) 52.6 ± 23.7 45.9 ± 23.5 0.001* 65.4 ± 28.5 57.9 ± 22.3 0.014*

FVC post-BD (L) 2.49 ± 0.81 2.24 ± 0.89 0.001* 2.56 ± 1.31 2.31 ± 1.02 0.045*

FVC post-BD (%) 69.2 ± 20.1 63.1 ± 20.0 0.008* 72.1 ± 30.3 65.8 ± 24.7 0.067

FEV1/FVC post-BD 60.6 ± 16.5 54.9 ± 18.8 <0.0001* 74.7 ± 16.4 70.2 ± 16.4 0.007*

TLC (L) 6.08 ± 1.74 5.99 ± 1.56 0.628 5.33 ± 1.87 5.29 ± 2.03 0.828

TLC  (%) 108.9 ± 33.8 109.2 ± 26.5 0.937 94.0 ± 26.8 92.9 ± 27.6 0.709

RV  (L) 5.53 ± 11.2 3.86 ± 1.40 0.342 2.78 ± 1.29 2.96 ± 1.45 0.288

RV  (%) 200.4 ± 87.8 189.5 ± 77.2 0.256 145.7 ± 56.3 136.7 ± 53.0 0.244

DLCOc  11.9 ± 5.05 8.82 ± 9.65 0.078 14.1 ± 5.89 7.57 ± 6.85 0.001*

DLCOc (%) 46.2 ± 17.1 40.5 ± 19.2 0.044* 51.2 ± 17.3 45.1 ± 22.8 0.078

PaO2 70.1 ± 14.6 69.3 ± 16.7 0.816 73.2 ± 7.94 62.6 ± 14.9 0.110

SaO2 92.3 ± 7.42 92.3 ± 6.29 0.997 94.7 ± 1.59 89.2 ± 10.4 0.198

6MWT  (m)  427.9 ± 97.6 358.9 ± 109.8 <0.0001* 442.2 ± 104.9 379.0 ± 93.2 <0.0001*

6MWT  (initial SpO2) 95.0 ± 2.30 94.9 ± 1.92 0.785 95.4 ± 2.32 95.1 ± 2.19 0.660

6MWT  (final SpO2) 89.4 ± 5.16 89.2 ± 6.74 0.773 91.1 ± 5.44 89.4 ± 7.87 0.190

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in first second; BD = bronchodilator; L =  liters; FVC = forced vital capacity; TLC =  total lung

capacity; RV = residual volume; DLCO = diffusing capacity of the lung for carbon monoxide; PaO2 = arterial oxygen pressure; SaO2 = arterial oxygen saturation; 6MWT =  six-

minute walking test; m =  meters; SpO2 =  pulse oxygen saturation.
* Statistically significant p-value.

Results

Eighty-five patients were included in Group 1 and 96 patients
were included in  Group 2.  No participants were excluded or with-
drawn from the study during the PRP. Table 1 shows the patients’
characteristics. The frequency of coughing was higher in Group 1
(83.5%) than in Group 2 (60.4%) (p = 0.001). There were no differ-
ences between the groups in  all the other variables. In Group 1,
three patients were unable to perform 6MWT  and 5 patients were
unable to perform ABG analysis.

Table 2 shows the comparison of pulmonary function tests
between Groups 1 (rehabilitation) and 2 (no rehabilitation), and
between initial and final evaluation. Several functional parameters
improved after rehabilitation: forced expiratory volume in one sec-
ond (FEV1) post-bronchodilator (BD), forced vital capacity (FVC)
post-BD, DLCO, distance walked in 6MWT,  initial SaO2 at 6MWT,
and the final SaO2 at  6MWT.  The median increase in  6-minute walk
distance (6MWD) was 60 m (Q1;Q3: 0 m; 107.5 m);  54/81 (66.7%)
had an improvement greater than 25 m. There was  no statistically

significant difference in the increase in 6MWD  comparing patients
with COPD (52.5 m [Q1;Q3: −7.3 m; 119.3 m])  and without COPD
(68.0 m [Q1;Q3: 6.5 m; 99.5 m])  (p =  0.963).

On the other hand, several functional parameters decreased
after 3 months in Group 2, including: FEV1 post-BD (L), FEV1 post-
BD (%), FVC post-BD (L), FVC post-BD (%), FEV1/FVC post-BD, DLCO,
DLCO (%), and distance walked in 6MWT  (Table 2).

Table 3 shows the comparison of pulmonary function tests pre-
and post-PR, among patients with and without COPD. In COPD
patients, several functional parameters increased after rehabili-
tation, such as FEV1 post-BD (L), FEV1 post-BD (%), FVC  post-BD
(L), FVC post-BD (%), FEV1/FVC post-BD, DLCO, distance walked in
6MWT,  and initial/final SpO2 at 6MWT.  In non-COPD patients, only
FEV1 post-BD (L) and distance walked in 6MWT  improved after
rehabilitation.

Table 4 shows the comparison of pulmonary function tests
between COPD and no COPD patients who did not  underwent reha-
bilitation. In  both COPD and non-COPD patients, there was  a  decline
in  several lung function parameters after 3 months.
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Table  5

Comparison of pulmonary function tests according to  COPD severity in Groups 1 and 2.

Group 1 (Rehabilitation)

Mild + Moderate COPD (n  =  13) Severe and Very Severe COPD (n  =  47)

Time 1  (Pre-Rehabilitation) Time 2 (Post-Rehabilitation) p Value Time 1 (Pre-Rehabilitation) Time 2 (Post-Rehabilitation) p Value

FEV1 post-BD (L) 1.79 ± 0.63 2.11 ± 0.62 0.008* 0.84 ± 0.25 1.04 ± 0.44 <0.0001*

FEV1 post-BD (%) 65.8 ± 11.6 69.6 ± 9.71 0.357 30.2 ± 9.15 36.1 ± 14.3 0.002*

FVC post-BD (L) 2.94 ± 0.69 3.29 ± 0.78 0.155 1.94 ± 0.60 2.21 ± 0.73 0.001*

FVC post-BD (%) 83.0 ± 13.8 87.5 ± 17.1 0.455 54.2 ± 17.6 60.8 ± 19.2 0.009*

FEV1/FVC post-BD 61.0 ± 16.1 64.4 ± 11.9 0.539 45.7 ± 14.0 50.3 ± 12.5 0.040*

TLC (L) 6.22 ± 0.82 6.54 ± 1.38 0.361 8.19 ± 7.02 6.91 ± 1.68 0.382

TLC  (%) 106.9 ± 10.1 112.8 ± 20.2 0.290 122.1 ± 20.2 121.4 ± 39.2 0.926

RV  (L) 3.24 ± 0.37 3.66 ± 0.99 0.171 4.68 ± 0.89 7.64 ± 14.4 0.329

RV  (%) 148.3 ± 21.1 180.7 ± 54.1 0.059 235.6 ± 58.7 247.4 ± 87.3 0.471

DLCOc  8.0  ± 7.75 13.2 ± 5.13 0.011* 6.03 ± 3.64 9.41 ± 3.98 0.001*

DLCOc (%) 46.8 ± 21.9 47.4 ± 10.6 0.901 33.1 ± 12.9 38.9 ± 14.1 0.035*

PaO2 69.9 ± 13.6 74.0 ± 12.5 0.287 65.4 ± 15.5 69.3 ± 14.2 0.226

SaO2 93.8 ± 3.64 94.7 ± 2.11 0.405 90.7 ± 6.55 92.7 ± 7.25 0.267

6MWT  (m)  412.3 ± 54.8 488.6 ± 89.4 0.002* 316.7 ± 121.7 370.2 ± 108.9 0.001*

6MWT  (initial SpO2) 94.3 ± 2.26 96.2 ± 1.53 0.010* 93.8 ± 2.43 94.8 ± 2.58 0.015*

6MWT  (final SpO2)  89.1 ± 5.74 92.3 ± 5.26 0.012* 87.2 ± 5.89 88.8 ± 4.55 0.047*

Group 2 (No Rehabilitation)

Mild +  Moderate COPD (n =  32) Severe and Very Severe COPD (n  =  30)

Time 1 (Initial Evaluation) Time 2  (Evaluation in 3 Months) p Value Time 1  (Initial Evaluation) Time 2 (Evaluation in 3 Months) p Value

FEV1 post-BD (L) 2.12 ± 0.64 1.79 ± 0.81 0.001*  0.95 ± 0.23 0.79 ± 0.32 0.003*

FEV1 post-BD (%) 72.3 ± 16.4 63.1 ± 19.9 0.007*  32.9 ± 8.28 28.8 ± 11.2 0.030*

FVC post-BD (L) 2.90 ± 0.81 2.63 ± 0.99 0.035* 2.08 ± 0.58 1.84 ± 0.55 0.008*

FVC post-BD (%) 80.3 ± 17.7 73.0 ± 18.9 0.060 58.1 ± 15.9 53.1 ± 15.9 0.053

FEV1/FVC post-BD 73.4 ± 11.1 67.9 ± 16.7 0.008* 47.9 ± 9.69 41.9 ± 9.51 0.004*

TLC (L) 5.38 ± 1.79 5.49 ± 1.87 0.630 6.75 ± 1.42 6.47 ± 1.02 0.343

TLC  (%) 94.3 ± 32.9 98.8 ± 27.8 0.547 122.7 ± 29.1 119.1 ± 21.5 0.412

RV  (L) 2.95 ± 1.29 3.00 ± 1.35 0.779 7.98 ± 15.4 4.66 ± 0.88 0.340

RV  (%) 150.9 ± 58.1 142.8 ± 60.4 0.386 247.6 ± 86.1 234.0 ± 64.6 0.421

DLCOc 13.6 ± 5.14 9.19 ± 7.48 0.002*  10.1 ± 4.43 8.43 ± 11.8 0.616

DLCOc (%) 51.9 ± 15.7 45.6 ± 21.6 0.148 40.1 ± 16.8 35.2 ± 15.1 0.177

PaO2 67.3 ± 15.7 65.3 ± 12.3 0.732 70.9 ± 14.5 70.6 ± 17.9 0.925

SaO2 92.5 ± 5.57 93.2 ± 3.67 0.762 92.3 ± 8.03 92.1 ± 6.97 0.921

6MWT  (m)  461.8 ± 64.9 398.2 ± 90.6 0.001*  399.2 ± 111.8 325.5 ± 115.0 0.002*

6MWT  (initial SpO2) 95.8 ± 1.53 95.3 ± 2.09 0.310 94.4 ± 2.65 94.6 ± 1.75 0.622

6MWT  (final SpO2)  91.4 ± 5.09 90.4 ± 5.94 0.197 87.8 ± 4.69 88.3 ± 7.32 0.700

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in first second; BD  =  bronchodilator; L =  liters; FVC = forced vital capacity; TLC  =  total lung

capacity;  RV = residual volume; DLCO =  diffusing capacity of the lung for carbon monoxide; PaO2 = arterial oxygen pressure; SaO2 = arterial oxygen saturation; 6MWT  =  six-

minute  walking test; m = meters; SpO2 = pulse oxygen saturation.
* Statistically significant p-value.

Table 5  shows the comparison of pulmonary function tests
according to COPD severity in Groups 1 and 2.  Patients with severe
and very severe COPD who underwent rehabilitation showed
improvements in more lung function parameters, compared with
patients with mild and moderate COPD who underwent rehabili-
tation. Among patients who did not undergo rehabilitation, both
patients with mild to moderate COPD and those with severe and
very severe COPD showed worsening of some lung function param-
eters.

Discussion

In this study, we demonstrated that PR significantly improved
lung volumes and flows measured during forced expiratory maneu-
vers (specifically FVC  and FEV1) and pulmonary gas exchange
(DLCO), that might account for improved exercise capacity (mea-
sured by the distance walked in  the 6MWT)  in  patients with PTLD
in a large multicentre cohort of PTLD patients. TLC, RV, and arterial
blood gas analysis (PaO2 and SaO2)  were not  statistically different
before and after PR. On the other hand, patients with PTLD who did
not undergo PR worsened their lung function and exercise capacity
when assessed 3 months after the initial evaluation (Table 2). In a
subgroup analysis, it was  observed that the number of lung func-

tion parameters which were improved after PR was much higher
in COPD patients when compared with patients without COPD.  Yet,
the increase in post-BD FEV1 (L) and in  the distance walked in the
6MWT  after PR in non-COPD patients are consistent with preexist-
ing bronchial obstruction and impaired exercise capacity in milder
form of lung disease and suggest potential benefit of PR in  all PTLD
patients.

The first consensus-based set of Clinical Standards for PTLD,
published in 2021,8 stated that former TB  patients with functional,
clinical, and/or radiological findings consistent with PTLD should
be evaluated for PR. This important document was followed by  the
“Brazilian Thoracic Association recommendations for the manage-
ment of PTLD”6 – the first national society to produce a document
on this subject – which also recommended PR for patients with
PTLD. A  PRP for PTLD patients should take into consideration the
local organization of health services, and it is suggested that evalu-
ation of effectiveness of PR be done by comparing the core variables
before and after rehabilitation.6,8

In the present study, FEV1, FVC, and DLCO improved significantly
after PR. Some authors11,12,14 previously demonstrated similar
findings. Visca et al.11 retrospectively investigated if patients with
TB  sequelae had any benefits from PR in  Italy. After a  3-week
PRP, 34 subjects with impaired lung function showed a  significant
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improvement in FEV1 and FVC, although several details of their pre-
rehabilitation TB history were not  available. A group of authors in
Japan evaluated the effectiveness of PR for a  mean period of 3.9
weeks in 37 in-patients with pulmonary TB sequelae.12 In South
Africa, a single-blinded randomized controlled study14 was con-
ducted to assess the effects of a  six-week home-based PRP in a
group of 34 patients. They found improvements in  FEV1 and FVC,
although statistical significance was not  reached at the end of the
program. As expected, the improvement in  lung function parame-
ters after PR was greater in  patients with PTLD and COPD (especially
in those with severe to very severe COPD), in comparison with
patients without COPD).

Improvement between pre- and post-rehabilitation moments
was remarkably greater (and statistically significant) in more
variables among patients with COPD (greater baseline functional
impairment) than in  patients without COPD or with less severe
COPD (lower baseline functional impairment). This suggests that
those with greater baseline functional impairment have more room
for improvement with PR.

The distance walked in the 6MWT  also showed improve-
ment after PR in  our study. This is in agreement with previous
studies.12,13,15 In  a  PRP performed in  Japan, the distance walked
in 6MWT  increased from 303 m to  339 m.12 In Colombia, a study13

including eight participants demonstrated an increase of 63.6 m
in distance walked in  6MWT,  after an eight-week PRP within a
public hospital. In addition, a prospective nonrandomized open
trial15 conducted over a  9-week period evidenced a statistically
significant improvement of 42 m in 6-min walking distance. In a
study with COPD patients,24 the mean improvement in  6MWD
was of 66 meters, similar to our study, that included more than
70% of patients with COPD in  addition to PTLD. We  also found that
almost 70% of patients had an increase in 6MWD  greater than 25 m,
which is considered the minimal important difference for COPD
patients.24 However, patients with PTLD and without COPD also
demonstrated improvement in distance walked on the 6MWT  in
our study.

To the best of our knowledge, this study was the first to  doc-
ument significant improvements of DLCO in  PTLD patients who
underwent PR whilst the control group significantly deteriorated
their pulmonary gas exchange during the same period. The fact
that only FEV1, FVC and DLCO, and not  TLC or RV significantly
improved after three months of PR underscore the possibility of
PR to improve ventilation, hence pulmonary gas exchange. Such
improvement might also account for improved exercise capacity
and the 6MWT.

We conducted PR on an outpatient-basis, as feasible in Brazil,
and considered 3 months as the most suitable time for the compar-
isons as the majority of patients needed 3 months to complete the
post-PR evaluation (81 of 85–95.3%). Only four patients completed
the rehabilitation program in 5 weeks. There was no difference
between these patients and those who took 3 months to complete
the program. A potential minor bias exists, related to the differences
in time patients needed to complete the process (PR and evalua-
tion), we cannot measure nor correct for. Furthermore, a  limitation
exists given the non-possibility of randomizing patients toward
Group 1 or 2. In fact, after publication of the SBPT guidelines, it
is considered non-ethical, when the feasibility exists, not to  pro-
pose PR to PTLD patients. The control group was  created the year
before the SBPT guidelines’ approval, when creating evidence that
non-rehabilitated patients deteriorated their functional status.

Probably, the best evaluation method would have been to  use
sham-rehabilitation, which is  challenging and was  not done, as the
non-rehabilitated patients would be under supervision like those
who were in PRP. Non-rehabilitated patients were yet followed-up
on a monthly basis, therefore the possible bias would eventually be
minimized. Also, we  did not include pre- and post-rehabilitation

quality of life assessment and this is  an additional limitation of
this study. Nevertheless, this is a  multicentre study and, as far as
we know, the largest evaluating patients with PTLD who under-
went PR, and compared them with a  cohort of non-rehabilitated
patients. Furthermore, this is the first time PTLD patients with and
without COPD were compared, with a  sub-analysis conducted per
COPD severity (severe and very severe vs. mild and moderate).
The completeness of the functional evaluation is  also a  strength
of the study. The involvement of three reference centers in Brazil,
which applied the recommendations of the above-mentioned SBPT
guidelines shows that evaluation of patients at the end of anti-TB
treatment and outpatient rehabilitation of those suffering of PTLD is
feasible in Brazil and, probably, in  many other countries with suffi-
cient resources. This experience offers new hopes for the thousands
of patients suffering of PTLD around the globe.7,8 In addition, future
studies should explore the potential for PRP to reduce DALY among
PTLD patients.

Conclusions

In conclusion, we  demonstrated the significant benefits from
PR in patients with PTLD, with improvements in lung function and
in  exercise capacity in all PTLD patients (including those with-
out COPD), although patients with severe and very severe COPD
benefited most. Accessible and quality healthcare services should
be  available not only during TB treatment. National TB programs
should ensure the availability of PR for PTLD patients.
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