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ABSTRACT

Background: Bronchiectasis is a chronic, progressive and persistent inflammatory lung
disease which causes exercise intolerance and physical activity limitations, among
others. Bronchiectasis patients experience worse dyspnoea perception and increased
fatigue during exercise. Daily physical limitations are related to impaired health-related
quality of life. Current treatment involves therapy for exacerbations and/or direct
physiopathological factors of the disease but no treatment is targeting to improve
peripheral symptoms. Some literature assessing effects of exercise training programmes
in bronchiectasis reported beneficious outcomes regarding exercise capacity, although

conclusions provided were low-quality evidence based.

Hypothesis and Objectives: We hypothesize that exercise training is effective in
improving exercise tolerance. Therefore, the aim of this study is to evaluate the effect
of an exercise training rehabilitation programme using an objective method to estimate
the cardiorespiratory function in order to supply with rigorous data. Secondary
objectives are to assess impact of exercise training in other relevant clinical variables
such as respiratory muscle strength, number of exacerbations, dyspnoea perception,

quality of life and pulmonary capacity.

Methods and Materials: This is a single institution, prospective, parallel controlled
clinical trial. The study includes 114 patients with stable bronchiectasis and exercise
intolerance from Hospital Josep Trueta’s bronchiectasis-specialized unit. Patients will be
randomly distributed into two groups: a control group (CG), which will receive usual care
(ELTGOL technique), and the intervention group (IG), which will receive an 8-week
exercise training rehabilitation programme and concomitant usual care (ELTGOL
technique). Training sessions will be performed 3 times per week and will consist in
interval endurance training, peripheral muscle strength training and respiratory muscle
training. Data will be collected at the study onset and immediately after the end of the
8-week training sessions. Variables analysed will be maximum oxygen consumption,
dyspnoea perception, quality of life, maximal respiratory pressures and pulmonary
capacity. After intervention, there will be a 1-year period of follow-up to determine

incidence of exacerbations of both groups.



*Key-words: non-cystic fibrosis bronchiectasis, peripheral symptoms, pulmonary
rehabilitation, exercise capacity, physical activity, quality of life, exercise training,

cardiopulmonary exercising tests.



1. INTRODUCTION

Bronchiectasis is a chronic lung disease. It is defined as an abnormal and persistent
dilation of the bronchi resulting from damage of the airway wall. It represents the final
result of different underlying causes or diseases. Traditionally bronchiectasis has been
classified in cystic fibrosis and non-cystic fibrosis related. Cystic Fibrosis has a well-
defined homogeneous population, the most severe cases are identified at an early age
and have faster rates of progression(1). It has attracted more commercial and scientific
interest over the years. As a result, more studies have been conducted since then.
However, it only accounts for a small percentage of bronchiectasis patients (1). On the
other hand, non-cystic fibrosis bronchiectasis patients are a more heterogeneous
population because of its etiological variability (1), who started to be managed in

specialists units only few years ago, when research interest in the disease increased (1).

The present study will focus on non-cystic bronchiectasis.

1.1. EPIDEMIOLOGY

Historically, bronchiectasis was considered an orphan disease with little recognition of
its importance. However, in the last decade a growth number of investigations began to
demonstrate a marked rise in its prevalence and incidence, particularly in the elderly
population (2) (3). These studies completely changed the medical community's

perception of bronchiectasis and sparked new interest in it.

In 2012 the prevalence of bronchiectasis was 36.2 cases per 10 000 inhabitants in
Catalonia (Figure 2) (2); the mean age of patients was 68.3 years old and women

represented 53.9% of all of them
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Figure 1. Mean incidence of bronchiectasis by Figure 2. Mean prevalence of bronchiectasis by age
age and sex in Catalonia 2012 (9). and sex in Catalonia 2012 (9).

Incidence rates were 4.81 cases per 10 000 inhabitants per year and again women
showed higher results (Figure 1). Incidence and prevalence increased with age in both
sexes. The group with higher incidence and prevalence were men between 65-99 years.
This can be explained in part because of a higher proportion of men smoking between
that age and high prevalence of COPD as a result (2). More than half of the patients were
non-smokers (60.4%) (2).

Quint et. al. 2016 (3) showed similar data from a cohort study with a 10 year follow-up
period in UK. From 2004 to 2013, women incidence increased from 21.2 per 100 000
person-year to 35.2 per 100 000 person-year; in men incidence grew from 18.2 per 100
000 person-year to 26.9 per 100 000 person-year (3). Prevalence also increased in both
sex within 10 years (3). Over half the individuals (58.5%) were women, and the median

age at diagnosis of adult bronchiectasis was 61.8 years (3).

According to estimates, the average annual cost of treatment in Spain is the mean cost

is €4671.9 per patient, which increases significantly with severity (4).
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1.2. PHISIOPATHOLOGY

Up until now, the physiopathology was described by the Vicious Circle hypothesis
proposed by Cole et. al. (5), which postulated that a change in mucociliary clearance
promoted persistent bronchial inflammation and bronchial infection (5). Ciliary
epithelium changes cause mucociliary dysfunction and retention of secretions in the
airway. There is also an increase mucus production and changes on its composition, such
as greater viscosity and dehydration (1). Consequently, a disruption of the host defences
happens which results in the establishment of persistent bacterial pathogens and
chronic infection. Finally, chronic inflammation in the bronchial wall and abnormal
remodelling of the airway leads to permanent dilation of the bronchi. In late stages of
the disease, excessive inflammation of the airway causes rapid lung injury due to elastin
degradation, causing an increased number of exacerbations and deterioration of
respiratory function (5). Each element of the cycle potentiates the appearance of the

others over time, resulting in a progressive and persistent process.

However, the most accepted hypothesis nowadays is the “Vicious Vortex Concept”
(Figure 1) which offers a more holistic view of the disease and suggests interconnected
components taking part on it physiopathology: infection, inflammation, epithelial-

immune dysfunction, and lung destruction (6).

[ Airway dysfunction
O Inflammatory response
3 structural disease

O infection

» Epithelial dysfunction
« Mucus hypersecration

« Neutrophilic
inflammation

« T-cell infiltration

+ Local or systemic

immunodeficiency

» Bronchiectasis
+ Lung destruction

« Chronic infection
» Bacterial virulence
factors

Figure 3. VORTEX VICIOUS CYCLE, a cycle of events that promote
persistence and progression over time (6)
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Microorganisms that colonize respiratory mucosa are less virulent than those causing
invasive disease (7). Nevertheless, they are capable of creating means to facilitate their
survival, such as biofilm formation or hypermutability, and interfering with host
defences (7). The bacterial load increases in time, leading to different clinical situations

(7):

1. Bronchial Colonization: there is no inflammatory response other than sputum
production. Three types may be distinguished:

a. Initial: the patient is stable but there is an isolation of a microorganism
not found before.

b. Intermittent: there are positive and negative cultures for the
microorganism during 1 month. The patient is under no antibiotic
treatment.

c. Chronic: there are three or more positive cultures for the same
microorganism successively for a period time of 6 months.

2. Chronic bronchial infection: there is an inflammatory response This stage is
characterized by persistent purulent sputum production (8)

3. Bronchial Inflammation: chronic inflammation due to persistence of the
microorganism. There is a nonspecific bronchial response to infection with a
large number of blood cells aimed to eliminate the microorganism. The response

Is local with neutrophilic predominance, which can progress to systemic (7).

ABSENCE OF
COLONIZATION

INITIAL BRONCHIAL SHRONGC
BRONCHIAL EXACERBATION
COLONZATION INFECTION

Figure 4. Representation of the natural course of Bronchiectasis.
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1.3. AETIOLOGY AND RISK FACTORS

Bronchiectasis is the common final path of a wide range of diseases. In 38.1% of the
cases the underlying cause cannot be identified and are classified as idiopathic (9). The

most frequently identified cause is post-infective disease (9).

I Idiopathic

I Post-infective

I COPD

[ Asthma

[ Tuberculosis

[ Immunodeficiency

3 Primary ciliary dyskinesia
[ ABPA

Il Rheumatoid arthritis

I Connective tissue disease
= GORD

B NTM

M Inflammatery bowel disease
[ Alpha-1 antitrypsin deficiency
Il Obstructive

3 Other causes

Figure 5. Underlying causes of bronchiectasis in Europe (10)

TABLE 1: IDENTIFIABLE CAUSES OF BRONCHIECTASIS (1)

Post-infection Bacteria Pneumonia
The most frequent identified cause of
bronchiectasis
Childhood respiratory Infections
Pertussis
Necrotizing Pulmonary infections

Mycobacteria Tuberculosis (TB)
Non-Tuberculosis mycobacteria (NTM)

Fungi Allergic  Bronchopulmonary  Aspergillosis
(ABPA)
Bronchial Intrinsic Stenosis from scarring
Obstruction Bronchiolitis
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Foreign body

Tumour
Extrinsic Diseased lymph nodes,

Tumour

Aneurysm
Immune Primary
Deficiency Secondary
Impaired Cystic ~ Fibrosis Autosomal recessive disease caused by a
mucociliary (CF) mutation in CFTR gene (CF transmembrane
clearance conductance regulator) which encodes a

chloride channel causing an altered ion
epithelial transport.
It affects ciliary cells of the whole body (1).

Primary  Ciliary Genetic disorder caused by a wide range of
Dyskinesia mutations which affect the ciliary structure
(11).

Young Syndrome

Inflammatory Aspiration and gastroesophageal reflux disease
pneumonitis Toxic inhalation (drugs, gases, etc)

Associated with Rheumatoid arthritis
other diseases

Inflammatory Ulcerative colitis

Bowel Disease Crohn disease

Obstructive Bronchiectasis can be seen in both diseases
Chronic Lung and notably in the most advanced stages of
disease (COPD) them (13) (14).

and Asthma

Other Systemic lupus Erythematosus

Sjégren syndrome,

Ankylosing spondylitis, sarcoidosis

Other respiratory diseases
Swyer-James syndrome
al-antitrypsin deficiency, Yellow nails
syndrome
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1.4. DIAGNOSIS

Bronchiectasis diagnosis involves both clinical and radiological features, with or without
associated disease. 20% of adults up to 65 years old can present radiological

bronchiectasis with no symptoms associated (10).

1.4.1. Clinical Presentation

Bronchiectasis should be suspected in patients with recurrent respiratory infections with
asymptomatic periods or persistent cough in between them and particularly, with no
smoking history (1). Cough is commonly accompanied with purulent or mucopurulent

sputum production (11).

An expert consensus group determined that the presence of two or more of the
following criteria would confirm a clinical significant bronchiectasis: (1) a cough most
days of the week; (2) sputum production most days of the week; (3) a history of

exacerbations (12). Some patients may present history of recurrent haemoptysis (12).

Other symptoms may include bronchial hyperresponsiveness and breathlessness
depending on the lung function involvement, musculoskeletal or pleuritic chest pain,
whenever pleura is affected, weakness and loss muscle mass and weight (1). In clinical
examination airway may appear normal or some pathological respiratory sounds can be
detected such as crackles, rhonchi and/ or wheeze. (1). Predominantly, patients present
an obstructive respiratory pattern. In very severe stages patients can present clubbing,

cachexia, respiratory failure or cor pulmonale (1).

1.4.1.1. Exacerbations

During the disease exacerbations may occur, which are defined as a deterioration in
three or more of the following key symptoms for at least 48 h: cough; sputum volume
and/or consistency; sputum purulence; breathlessness and/or exercise tolerance; fatigue
and/or malaise; haemoptysis and a clinician determines that a change in bronchiectasis
treatment is required (13). Reducing exacerbations is crucial since they increase
bronchial inflammation, cause disease's progression, worsen quality of life and increase

hospital and treatment expenses.
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1.4.1.2. Microbiology

Most common microorganisms isolated in sputum cultures of patients with
bronchiectasis are Pseudomonas aeruginosa and Haemophilus Influenza (9).
Pseudomonas has been related with more severe disease and faster progression, more
frequent exacerbations and reduced quality of life, compared with other

microorganisms (11).

Gram-positive microorganisms are less common. They are mostly represented by
Streptococcus pneumoniae (7%) and Staphylococcus aureus (12). On the other hand,
NTM are also common in bronchiectasis patients with an increasing prevalence,
particularly in the United States (13), as they are difficult to eradicate due to their

tenacity and pervasiveness in the environment.

1.4.1.3. Peripheral symptoms and Exercise Intolerance

Respiratory and peripheral muscles impairment are present in chronic inflammatory
pulmonary diseases such as bronchiectasis (14). Initially it was thought to be
consequence of ventilatory factors. However, over the last 20 years it has been proved

to be result of a multifactorial process.

During exercise it is required a major ventilation load in order to remove increased
production of CO2 and keep Ph. Ventilation is also extra-stimulated by hypoxemia due
to lung disease during exercise and lactate production. In chronic lung diseases there is
an increased inspiratory and expiratory resistance and/or reduced compliance which
leads to a major pressure required for airflow (in order to give movement or
displacement of sarcomeres). Consequently, respiratory muscles need to do extra work
to permit breathing causing respiratory muscle fatigue. Thus, ventilatory function is
impaired and less 02 is delivered resulting in muscle dysfunction (15). This process is

represented in Figure 6.

Muscle dysfunction causes weakness and respiratory insufficiency which leads to
inactivity and chronic under-loading of the muscles (16). In order to avoid dyspnoea and

fatigue, most bronchiectasis patients adopt sedentary behaviours causing loss of

17



physical capacity (17) due to muscle mass loss and reduced strength. This leads to
sarcopenia which is associated with less oxidative capacity of muscles that affects

negatively to fatigue perception (15).

Main determinants of muscle dysfunction are inactivity and nutritional disorders
associated to these patients who are mostly malnourished, although other causes may
be systemic inflammatory mediators due to the inflammatory state of lungs, reduced
oxygen, chronic respiratory acidosis, use of corticoids and other comorbidities (16).
Moreover, a study cohort showed a progressive affection of lung diffusion in
bronchiectasis patients which can cause gas exchange limitation during exercise
resulting in exercise intolerance (18). With under-loading of the muscles there is also a
reduction of capillary density that causes reduced regional blood flow delivery, reduced

nutrient delivery and waste removal (16).

Increased CO2

Increased Lactate
Production =

Increased Inspiratory
and Expiratory

DECREASED PH . INLUNG
RESIS:EHCE DISEASE
Decreased Compliance
To keep Ph
DURING
EXERCISE
INCREASED
INCREASED PRESSURE
VENTILATION REQUIRED FOR
AIRFLOW
HYPOXEMIA
MUSCLE DECREASED LESS 02
FATIGUE VENTILATION DELIVERED
MUSCLE
DYSFUNCTION

Figure 6: Physiopatholgical process of peripheral symptoms in bronchiectasis.
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Skeletal muscle deconditioning plays an important role in functional loss in
bronchiectasis. Patients following an exercise training program experience improved
exercise tolerance, less limitation in daily activities and improved health-related quality

of life due to reconditioning (19).

Dyspnoea is considered another determinant in exercise intolerance among these

patients, which is present in 60% of them (15).

1.4.2. Radiological findings

Computed tomography (CT) is currently the gold standard to make a diagnosis and
determine extension and progression of the disease (20). A national consensus has
suggested definitions according to chest CT findings. This group of experts rate the
following 4 criteria with a score of more than the mean value of all scores together for
establishment of radiological bronchiectasis (12):

— Inner airway-artery diameter ratio of >1.5

— Outer airway —artery diameter ratio of >1.5

—> Lack of tapering of the airway

— Visibility of airway in the periphery

Morphologically bronchiectasis can be classified in 3 subgroups:

1. Cylindrical bronchiectasis: is presented with the railway sign. Is the most common
form of bronchiectasis and it results in uniform enlargement of the bronchi and
absence of the normal distal tapering of the airway.

2. Varicose bronchiectasis: there is a combination of narrowed and dilated segments
to the affected bronchus. In this case, the string of pearls sign can be seen.

3. Cystic Bronchiectasis: is the most severe form and happens when there is a saccular
dilation and extension to the pleural surface. It can give a “bunch of grapes”

appearance.

19



Image 1. Representation of different structural types of bronchiectasis (40).

Bronchiectasis can also be detected by visualizing indirect signs. The following table

shows the most common direct and indirect signs present in bronchiectasis CT (20):

TABLE 2: DIRECT AND INDIRECT OF RADIOLOGICAL DIAGNOSIS

Direct Signs Indirect Signs
- Bronchial dilation (airway-artery -  Peri-bronchial thickening
diameter ratio >1) - Mucoid impaction
o Abnormal bronchial contour o Tubular or Y-shaped structures
o Signet ring sign (in transverse slice o Rounded or branching opacities (in
in cylindrical bronchiectasis) transverse slice)
o Tram-Track sign (in horizontal slice o Air-fuid levels
in cylindrical bronchiectasis) - Mosaic pattern
o String of pearls sign (in horizontal - Centrilobular nodules
slice in varicose bronchiectasis) - Tree-in-bud nodules
o Bunch of grapes sign (in cystic - Focal areas of air tapping
bronchiectasis) - Atelectasis

- Lack of bronchial tapering (Image 2)
- Visualization of peripheral bronchi (in
contact with the mediastinal pleura or

within 1cm of the costal pleura) (Image 3)
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Image 2: Lack of tapering of the bronchi (39) Image 3: Visualization of peripheral bronchi (39)

Image 4: Bronchiectasis CT with peripheral bronchial visualization (*), signet ring sing (arrow) and lack of tappering
of the bronchii (arrow head)

1.4.3. Etiological Diagnosis

It is important to conduct an etiological diagnosis in order to establish the underlying
cause and treat correctly in the case a specific treatment is available (21). To identify the
most plausible causes, an initial evaluation must be made, consisting in a complete

clinical history and physical examination (1) (22).
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ARIADNA PALAU CORBACHO

Benefits of Exercise Training in Bronchiectasis

Chronic productive cough

Recurrent respiratory tract infections, recurrent hemoptysis, suggestive chest radiograph

)

Sputum culture (bacteria, mycobacteria, fungi) + LFT + blood tests

High resolution CT

Congenital malformations,
tracheobronchomegaly,
situs inversus,

bronchial obstruction

Blood test include: Haematocrit;
Erythrocyte sedimentation rate; C-reactive
protein, immunoglobulin G, A, M, E

Medical history for etiology

— Family history

- Age at onset of symptoms

- History of infectious disease (measles,
whooping cough, adenovirus,
mycobacteria, pneumnaonia, necrotizing
pneumonia) followed by onset
of respiratory symptoms

— Susceptibility to infection: otitis, sinusitis,
meningitis, recurrent pneumonia,
diarrhea, etc

- Concomitant diseases: intestinal,
systemic, asthma, COPD, etc

- Inhaled toxic fumes

— Agpiration: gastroesophageal reflux
disease, neuromotor dysphagia

— Risk factors for secondary immune

blood neoplasm
— Infertility
— Recurrent pancreatitis
— Bronchial hyperresponsivenass

deficiency: HIV, chemotherapy, transplant,

Clinical suspicion

— Immune deficiency: recurrent
infections

— CF: family history, sinusitis, infertility,
diabetes, pancreatitis, bronchial
colonization by Staphylococcus
aureus

— ABPA: asthma, central
bronchiectases

— at1-antitrypsin deficiency:
emphysema, liver disease

— PCD: ofitis, rhinosinusitis, infertility,
dextrocardia

— Gastroesophageal reflux disease:
heartburn

—TB or NTM

— Bronchial obstruction

— Diffuse panbronchiolitis: sinusitis,
progressive airflow limitation,
lung hyperinflation, centrilcbular
nodules (tree-in-bud sign)

Diagnostic tests

Immunological studies
Immunoglobulins, subclasses
of IgG, specific antibodies

Meutrophil function

Lymphocyte subpopulations

and function

HIV

Sweat test, genetic work-up,
nasal potential diﬁer’ﬁnce,
sperm tests

Total IgG, Aspergillus antigen skin tests,
Aspergillus precipitin blood tests

a1-antitrypsin phenotype

Mucociliary clearance (saccharin test,
radiolabeled albumin serum test)

Ciliary beat frequency, ciliary ultrastructure
Nasal nitric oxide. Sperm tests

Esophageal pH monitering, esophageal
manometry

Mycobacterial culture, PPD skin test
Bronchoscopy

CT, lung biopsy, LFT

Absence of clinical suspicion: Rule out immune deficiencies with defective
antibody production, gastroesophageal reflux disease, ABPA, mycobacterial
infection, CF, PCD, oy-antitrypsin deficiency

Figure 7: Bronchiectasis aetiological diagnostic algorithm (1).

1.5. GRADING AND CLASSIFICATION

We dispose of two clinical scales used to assess severity and the prognosis of

bronchiectasis: FACED and Bronchiectasis Severity Index (BSI). Both provide likelihood

of mortality (23).
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BSI objective is to predict relevant clinical outcomes (24) and is used to evaluate severity
and prognosis in clinical practice (25). It is based in 9 variables including several values
for each one (25): age, body mass index, FEV1% predicted, previous hospitalizations and
exacerbations, dyspnoea perception, colonization by Pseudomonas aeruginosa and
other microorganisms and radiological extension of the disease (Annex 2). BSI classifies
bronchiectasis patients in 3 subgroups: Low severity (from 0 to 4 points); Intermediate
severity (from 5 to 8 points); High severity (up to 9 points). Each severity class have a

predicted mortality and morbidity associated, shown in Figure 7 (24).

80+
0-4 5.
g 4
0 B 58 >
@ . 17}
= Il 9 or more ls 34
= -
5 404 ; 2+
3 g
2 o "
" 204
0-
0 & o @o@
Mortality Hospital admissions &

CY
Bronchiectasis severity index score

Figure 8: Potency of Bronchiectasis Severity Index in predicting mortality, hospital admissions and
exacerbations (45)

FACED score is mainly used to predict mortality in a 5-year follow up. Moreover, in long
term predicted mortality, it has been proved to have superior predictive capacity than
BSI (44). It includes 5 dichotomous variables easy to obtain, which suppose less
complexity in calculating and interpreting its results (FACED): FEV1%, Age, Chronic
colonization by Pseudomonas aeruginosa, Extension (number of lobes affected in the
CT) and Degree of Dyspnoea (Annex 2). Results obtained range from 0 to 7 points and
classify patients in 3 subgroups: mild bronchiectasis (from 0 to 2 points); moderate

bronchiectasis (from 3 to 4 points); severe bronchiectasis (from 5 to 7 points).

Although FACED score has shown excellent ability to predict prognosis and mortality, it
does not account for the number and severity of exacerbations (26). Consequently, a

new assessment tool was developed: E-FACED score (26). It preserves the FACED score's
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exceptional capacity to predict respiratory and all-cause mortality while including
exacerbations as a predictable parameter to assess mortality, lung function

deterioration and severity of the disease (26).

1.6. STANDARD TREATMENT

Treatment is based in primary in treating aetiology whenever is possible, improving
impaired mucociliary clearance, treating and controlling exacerbations, and finally

preventing or suppressing acute and chronic bronchial infection.

1.6.1. Etiological treatment

Some of bronchiectasis aetiologies have treatment which targets specific factors
involved in their physiopathology. Those aetiologies must be checked and identified as

soon as possible In order to provide properly treatment.

TABLE 3: CAUSES OF BRONCHIECTASIS WITH SPECIFIC TREATMENT (1).

e Defective antibody production

e ABPA

e Gastroesophageal reflux disease

e Bronchial obstruction

e Mycobacteria infection

e oal-Antitrypsin deficiency

e Cystic Fibrosis

e Concomitant diseases (COPD, asthma, inflammatory bowel disease, autoimmune
disease, panbronchiolitis)

1.6.2. Mucociliary clearance impairment

All techniques aimed to improve removal of airway secretions will impact positively on
bronchiectasis course since bronchiectasis patients suffer from impaired mucociliary
clearance and sputum retention. These techniques include breathing strategies,
directed coughing, positive expiratory pressure devices, airway oscillating devices and

mechanical tools applied to the external chest wall (27). They are recommended 1-2
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times per day in those patients with productive cough or sputum difficult to expectorate
(22), although different techniques used will depend on patient’s age and ability to

perform the manoeuvres, as well as quality-evidence of effectiveness (1).

ELTGOL technique (L'Expiration Lente Totale Glotte Ouverte en décubitus Latéral) is an
airway clearance technigue consisting in slow expiration with the glottis opened in a
lateral posture. Its objective is to control expiratory flow and prevent airway closure,
facilitating mucus clearance. Mucus removal from airways depend on 2 mechanisms:
ciliary activity and expiratory airflow (28). ELTGOL is based in the two-phase gas-liquid
flow model. According to this model, the shear force produced by airflow moving across
mucus can outweigh the resistive forces present in the mucus layer and cause mucus
removal (29). A peak expiratory rate of 30-60L/min is capable of breaking adhesive
bonds between mucus layer and the airway epithelial surface (30). We place the patient
in lateral decubitus position as airflow velocity is inversely proportional to airway
diameter. In a lateral position we reduce total cross-sectional area of peripheral airways
(29), increasing airway flow (31). By slowly exhaling through an open glottis while raising
intraluminal pressure, airway patency is maintained (32) favouring mucus clearance
from peripheral airway. ELTGOL technique has been demonstrate to be effective in
increasing the sputum removal and reduce impact of cough (33). It is indicated for

patients that have hypersecretive mucus production and willing to collaborate (34)

The elimination of secretions can also be aided by hypertonic saline solution, mannitol
or bromhexine (35), which can enhance clearance by reducing mucus viscosity.
Moreover, the use of mannitol improves symptoms’ severity (36). Staying hydrated and
using a nebulizer with a hypertonic saline solution can be helpful in all type-causes of

bronchiectasis (37).

1.6.3. Bronchial Colonization and Infection

The aim is to identify as soon as possible the first Pseudomonas aeruginosa
colonization in order to give adequate oral and inhaled antibiotic treatment. In chronic
bronchial infections antibiotic treatment is based on the clinical presentation,

microorganism isolated and the antibiogram results (1).
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1.6.4. Exacerbations

Treatment of exacerbations is based in increasing secretions removal, treat infection
associated and prevent from bronchospasm. Initially an empiric antibiotic will be
provided. In the case a microorganism had been isolated before (due to past
colonisations or bronchial infections), a specific antibiotic will be of choice (1). Duration
must be at least 10 days and until there is no purulent sputum. In case of Pseudomonas

infection treatment will be provided for 14 to 21 days (16).

TABLE 4: ANTIBIOTIC ROUTES OF ADMINISTRATION IN EXACERBATION (38).

Oral Antibiotic Therapy Intravenous Antibiotic Therapy

e Mild exacerbations. e Severe exacerbations.
e Microorganisms resistant to oral
antibiotics.
e Patients with CF and
Pseudomonas species not
previously isolated.
e No response to oral antibiotic

therapy.

1.6.5. Bronchial inflammation

In addition to having an antimicrobial effect, macrolides have immunomodulatory
benefits (39) and interfere in microorganism’s biofilm formation (1). They are indicated
in chronic bronchial infection by Pseudomonas and other microorganisms difficult to
control with adequate treatment (1), as they have been seen to reduce number of

exacerbations (40).

Inhaled corticosteroids (ICS) are not a routine treatment. They are used to reduce
bronchial hyperactivity (41) and sputum volume (37). Recommendations for using ICS

focus on bronchiectasis patients with underlying asthma or COPD (22).
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1.6.6. Education and nutritional treatment

It is crucial to provide patients with advice on lifestyle decisions and how they can affect

their condition (42) to minimize effect of modifiable factors.

Commonly, bronchiectasis patients present nutritional disorders and low index mass is
a risk factor for mortality (24). Diet supplements have to be advisable in patients with
BMI <20 kg/m2 or people losing weight rapidly (1). Although prevalence of smokers
among bronchiectasis patients is low, tobacco consists an another independent risk
factor for mortality and cessation has to be a must advice between them (43). In
restricted fluids situations we must provide high-energy, polymeric enteral diets. In the
same way, if there is a high metabolic stress situation (albumin <3g/dL) protein

supplements have to be prescribed (1).

1.6.7. Surgery

Surgery is reserved in localized bronchiectasis difficult to treat when causes that can

cause re-apparition have been excluded. Another indication may be palliative purposes

(1).

1.7. PROGNOSIS AND FOLLOW-UP

1.7.1. Prognosis

Bronchiectasis course is progressive without treatment and irreversible. Prognosis is
mostly influenced by the underlying cause, the degree of tissue damage and the
consequences over the respiratory function (1,33). Pseudomonas has been considered

a critical and adverse agent for prognosis of bronchiectasis and its management (44).

Mortality in Spanish bronchiectasis patients is mostly related to respiratory diseases
(42.9%), followed by neoplasia (9.1%) and cardiovascular disease (9.1%) respectively
(45). In both men and women, mortality rates were reported to be more than twice
higher than in the general population in a cohort study based in UK population (3).
However, life expectancy can be similar to general population if a proper treatment and

management is established (23).
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Most frequent complications related to bronchiectasis include haemoptysis, respiratory
failure (46), malnutrition and osteoporosis (47). Furthermore, patients present

increased risk of cardiovascular events such as stroke and coronary heart disease (48).

1.7.2. Follow-up

In order to slow progression and improve survival it is important to provide adequate
treatment, implant preventive measures and check patients frequently to detect early
complications or exacerbations (1). Protocol consists in a multi-disciplinary
management aimed to assess the following parameters related to bronchiectasis

progression (1):

1. Aetiology: it is crucial to perform check-ups to patients with a specific-treatment
cause so as to determine whether if the cause is still present or if it has been

adequate treated (1).

Image 5. Table to assess the colour of sputum from least to most purulent. M: mucous; MP:
mucopurulent: P: purulent. (76)

2. Clinical picture: visits should be arranged every 1 to 6 months in order to assess
severity stage of the disease, comorbidities and progression. Therefore, new
symptoms and exacerbations have to be reported, as well as mucoid sputum
colour and volume, to determine level of inflammation in the airways (1) (Image
4).

3. Bronchial colonization-infection: during an exacerbation, it is imperative to
recollect a sputum sample for culture in order to determine pathogens related
to patient’s worsening and its sensibility to different antibiotics (1).

4. Respiratory function: it is recommended to undergo a spirometry at least once

a year, depending on severity of the disease. FEV1 is the most important
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predictor of mortality because of the relation between airflow limitation and to
thickening of the bronchial wall. Arterial blood gases and exercise tests are also
proposed once a year if necessary (1).

Systemic inflammation: to detect systemic inflammatory markers an annual
blood test should be performed, including the following parameters (1):
Haematocrit;  Erythrocyte sedimentation rate; C-reactive protein,
immunoglobulin.

Nutritional parameters should also be assessed, and more specific tests
depending on clinical suspicious (1)

Structural damage: it is recommended to perform a CT scan every 2 years and
whenever chest x-ray suggest new lesions (49). Chest x-ray is indicated when a
complication occurs (1).

Nutrition: Bronchiectasis is strongly related to malnutrition. Thus, it is important
to asses nutritional status in these patients by assessing BMI (1).

Quality of life using validated questionnaires (1)

Determine level of treatment compliance and rehabilitation performance.
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1.8. EXERCISE TRAINING IN BRONCHIECTASIS

Pulmonary function decline with age (50), mostly because of a loss of lung elastic recoil,
greater chest wall compliance and less strength of respiratory muscles (57). In elderly,
pulmonary arterial pressure tends to be higher due to pulmonary vessel stiffness and
decreased left ventricle compliance (50). As consequence, older people present lower
cardiac output during exercise (50). In addition, within years there is a grow of alveolar
dead-space. Exercise produces an increased alveolar ventilation (V') causing pulmonary
perfusion (V'/Q’) mismatch which contribute to exercise-induced hypoxaemia in elderly
subjects (10). These patients can show a decrease in capillary-arterial density, resulting
in less pulmonary capacity for gas exchange (50). Pulmonary mechanics and respiratory
muscle function are also impaired in old people. Elderly suffer from lung structural
changes such as less bronchial diameter and distal duct ectasia (50). Diaphragm and
intercostal muscles present higher stiffness with age due to calcification (50). All this
factors contribute in decline vital capacity and relative limitation in tidal volume (50),

causing airflow limitation during exercise.

Bronchiectasis affects mostly elderly population (3). Therefore, these patients will suffer
consequences of exercise limitation because of age and the physiopathology of the
disease itself. Although impaired function of lungs does not respond to exercise training,
evidence suggests that continuing physical activity in old age is related to a better ability
of exercising, since it improves central (cardiac output) and peripheral (muscle 02

extraction) function (50), ameliorating exercise capacity.

1.8.1. Physical Condition in Bronchiectasis

Many bronchiectasis patients have a largely inactive lifestyle and sedentary behaviour
(defined a <1.5 METs) (17). A cross-sectional study considered 42% of these patients to
be inactive and 29% low active by using a graduated step-based physical activity index
(17). Only 11% of patients met the recommended physical activity guidelines (17).
Independent factors related to reduced physical activity involve pulmonary function,
dyspnoea and functional capacity (18). In bronchiectasis, sedentary behaviour alone

consists in an independent predictor of hospitalization since low physical activity



contributes to an increased risk of hospitalization by 5.91 times in these patients (17).
Low physical activity levels and increased sedentary behaviour have been related to a
higher number of exacerbations over one year (51). Consequently, it negatively impacts

on their quality of life and prognosis of the disease.

Few studies aimed to describe bronchiectasis patients towards physical activity and
exercise capacity. Patients show low muscle strength, especially in lower limbs (biceps
bacchii and quadriceps femoris) and reduce functional capacity compared with their
healthy peers (52). They also present worse dyspnoea perceptions which was
considered one of the main limiting factors for exercise tolerance (15). Muscle strength
is also directly associated with exercise tolerance. However, there was no evidence of
relation between exercise capacity and extension of bronchiectasis (14). Peripheral
symptoms are more prevalent within severity of the disease (14). Quality of life is also
impaired among these patients, mostly due to daily life activities limitation because of

exercise intolerance (51).

1.8.2. Evidence of Exercise Training

Exercise training is a new key under development for bronchiectasis management.
Studies that have examined effects of exercise in bronchiectasis patients have
demonstrated short-term benefits such as improved capacity to undo physical activity,
less dyspnoea and fatigue perception (67) (68) (69). These improvements were
sustained in time, but different results were observed, ranging from 3 months (70) to 12
months (71). Also, physical activity has been related to delaying lung function

deterioration within years (53).

Results regarding Quality of life are also favourable (72). Moreover, a long-term follow-
up study reported lower incidence of exacerbations in participants included in full

pulmonary rehabilitation programs (68).

Although the known multiple benefits of physical activity in health status, reviews
demonstrate low evidence of improvements of exercise training in stable bronchiectasis
patients (54). Long-term benefits are lack-evidenced, as well as effects on cough-related

quality of life, psychological symptoms and muscle strength (54). Impact of exercise
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training in acute exacerbations was proved to be low (54). The main reason of
disfavourable results is the absence of large studies with greater number of participants.
Accordingly, authors suggest that additional randomized controlled trials are required

to reduce imprecision of effects observed in exercise training use (54).

1.8.3. Guidelines

All guidelines recommend participating in rehabilitation programmes and taking regular
exercise to those patients with impaired exercise capacity (22) despite of low evidence

its benefits.

European Respiratory Society (ERS) (22) recommend that adult patients with exercise
intolerance should take part in rehabilitation programmes tailored to patient’s
symptoms, physical capacity and disease characteristics as a strong recommendation
and high quality evidence (22). They consider rehabilitation as a comprehensive
intervention based on different therapies such as exercise training, education and

behaviour change (55).

On the other hand, the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR)
recommend undergoing rehabilitation programmes to stable patients diagnosed with
bronchiectasis and mMMRC>1 as a high recommendation with moderate-quality evidence
(56). Considerations of SEPAR are as follows (56):

- Three supervised rehabilitation sessions per week for at least 8 weeks have
demonstrated effectiveness.

- Aerobic exercise consists in moderate-high intensity work (walking, running,
cycling or swimming). It can include muscle strength potentiation of lower and
upper limb with progressive load. These interventions have been proved to
enhance exercise tolerance and quality of life.

- Effects sustained in time for a period of 12 months’ post-exercise.

- Respiratory rehabilitation decreases number of exacerbations significantly,

although duration of antibiotic therapy is the same.

The British Thoracic Society (BTS) guidelines for management of bronchiectasis include

pulmonary rehabilitation as a high recommended practice to individuals who are
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functionally limited by shortness of breath (mMRC score>1) (57). They suggest
consideration of both inspiratory muscle training together with pulmonary

rehabilitation to enhance the maintenance of training effects (57).

1.8.4. Exercise Training in other Respiratory Diseases

Chronic Obstructive Pulmonary Disease (COPD)

1/3 of COPD patients present muscle weakness and respiratory muscle dysfunction (14).
It has been distinctly demonstrated that pulmonary rehabilitation lowers dyspnoea,
boosts exercise tolerance, and enhances quality of life in these patients (58). Reviews
also support evidence of exercise training benefits in COPD patients (59).
Recommendations of Respiratory Societies are addressed to all COPD symptomatic

stages and include strength training, endurance training and aerobic exercise(60).

Cystic Fibrosis (CF)

Cystic Fibrosis patients with higher levels of physical fithess present better survival rates
(58). A Cochrane review demonstrates gains in exercise capacity, strength, and quality
of life, with some indication of a slower deterioration in lung function (61). An overview
of five systematic reviews suggests patients should take moderate to intense exercise
for 30 minutes 3 to 4 days per week with strong recommendation but moderate quality
evidence (62). Currently, recommendations approach to increase or maintain aerobic

and strength activity as part of basis in management of cystic fibrosis (63).

1.8.5. Training Modalities in Pulmonary Rehabilitation

Training modalities that have been proved to improve exercise capacity in obstructive

lung disease are:

Endurance training

Endurance training is used to improve aerobic capacity. Higher intensity of the test is
associated with major physiological benefits (64), although some patients are not able

to perform it due to severe symptoms related to the disease.
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Continuous training and Interval training

Continuous and interval training have been demonstrated to improve significantly
exercise capacity and health-related quality of life. They also contribute to increase
capillary-to-fibre ratio and cause a change in fibre-type distribution, increasing aerobic
slow-twitch muscle fibres (type 1) and decreasing anaerobic fast-twitch muscle fibres
(type llIb) (65). Interval training is a modification of endurance training in which high-
intensity exercise is regularly interspersed with periods of rest or lower intensity
exercise (58). Interval training is evidenced to be associated with fewer symptoms
during exercise, as it supposes lower metabolic and ventilation stress and lower rates of
dynamic hyperinflation compared to continuous training (66). As consequence, it has
been seen to present better tolerability rates when talking about perceived respiratory

and peripheral muscle discomfort (67).

To sum up, interval training may be feasible to perform by patients with severe airflow
obstruction. Moreover, it can help to avoid frustration during exercise training and

improve patients’ motivation and adherence to the programme.

Cycling and walking tests

Cycle training needs less equipment, space and costs. They minimize dyspnoea
sensation and the potential of oxygen desaturation (68). These are the main reasons
why cycle endurance training is mostly used in training programmes testing patients
with obstructive disease of the airway. However, walking is the most important daily
activity of these patients. Hence, patients’ walking skills should be exercised too as they
will be more useful in everyday life of the patient. In addition, it has been found that
walking-based endurance is very effective in improving exercise capacity and quality of

life in these patients (69).

Resistance and strength training

Resistance training is capable of reducing peripheral muscle dysfunction. On the other
hand, strength can lead to gain muscle mass and strength (70). Furthermore, it is more
tolerable as it causes fewer dyspnoea (71). A combination of these two techniques is
highly recommended in those patients with limited ability to perform resistance tests

due to marked ventilator restriction (60). A systematic review found out that benefits of
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strength training do not depend on the mechanism or method itself. Therefore, the ideal

strength programme is still unknown (72).

Inspiratory muscle training

Inspiratory muscle training can enhance inspiratory muscle strength and endurance, and
contributes in reducing dyspnoea. In consequence, there is an improvement in
hypercapnia and walking capacity. Even though there is no evidence that it has effects
on quality of life or functional exercise capacity, in patients with inspiratory muscle
weakness (defined as max inspiratory pressure <60cmH20) it increases max inspiratory

pressure and improves exercise performance (73).
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2. JUSTIFICATION

Bronchiectasis is a common chronic bronchial inflammatory disorder. In the last
decades, an increasing number of cases have been seen, particularly in people older
than 60 and supposes high health costs since its course is progressive, especially in more
severe stages. However, there is no standardized treatment licensed by regulatory
authorities in Europe or USA, probably due to the difficulty in showing benefits because
of high heterogeneity of the disease. Therefore, cost-effectiveness studies of treatments

for bronchiectasis are needed.

Bronchiectasis patients present decreased muscle strength, reduced endurance, fatigue
and dyspnoea that cause several limitations in their daily life. Most of them avoid
performing physical activity because of exercise intolerance, which in second term,
causes deconditioning and an impaired quality of life. Moreover, patients with more

sedentary behaviour have an increased risk to be hospitalized due to an exacerbation.

Endurance and strength training have been reported to improve peripheral muscle
strength and aerobic capacity in COPD patients. Although similar effects are expected to
occur in bronchiectasis patients, the evidence is low. Current guidelines recommend
exercise training as part of its management in those patients with more exercise
intolerance, although evidence provided is low-qualified. Some studies have shown that
exercise training improves some clinical variables in bronchiectasis patients such as
number of exacerbations, exercise capacity, dyspnoea perception, quality of life and
respiratory symptoms. Therefore, training programmes could become an essential tool
in management of bronchiectasis and be implemented as part of its treatment in near

future.

However, we just have few literature assessing training in bronchiectasis and these
studies are way far for homogeneous in design, population, type of exercise, duration,
intensity and frequency. Furthermore, only one study assesses effects of exercise
training by measuring oxygen uptake (V'02), which consists in the most objective
parameter to determine exercise tolerance. Nevertheless, in the mentioned study,

intervention was a home-based programme.



Given the present clinical situation of bronchiectasis, new studies are desirable to
investigate effects of exercise training in bronchiectasis with high-quality evidence

support, in order to guide a specific approach in clinical practice.

This study will provide quality information about effects and benefits of exercise training
in patients with bronchiectasis. We will use a complete standardised protocol of exercise
training in terms of type of exercise, quantity and intensity of effort performed, and we
will measure maximal oxygen consumption (max V'O2) as the main variable to

determine exercise tolerance.

To our knowledge, this research will be the first study to report high quality data of
exercise training effects in bronchiectasis, as well as a clear and standardized guidance
on the crucial elements and best practices for carrying out particular training programs
for these patients in clinical practice. If our hypothesis is confirmed, patients will be able

to benefit from exercise effects on symptoms, progression and quality of life.

37



3. HYPOTHESIS

3.1. Primary hypothesis

Exercise training improves exercise capacity in patients with bronchiectasis in a stable

state and exercise intolerance.

3.2. Secondary hypothesis

In patients with bronchiectasis in a stable state and exercise intolerance, exercise

training:

- Improves respiratory muscle strength.

- Improves quality of life.

- Reduces the number of exacerbations per year.
- Improves dyspnoea perception.

- Improves pulmonary capacity.
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4. OBJECTIVES

4.1. Primary objective

To assess the effectiveness of exercise training in improving exercise capacity in
patients with bronchiectasis in a stable state and exercise intolerance compared to usual

care (ELTGOL technique)

4.2. Secondary objectives

To determine in patients with bronchiectasis in a stable state and exercise intolerance

compared to usual care (ELTGOL technique) the effectiveness of exercise training in:

Improving Respiratory muscle strength, measured by Maximal Inspiratory and

Expiratory pressure.

- Improving quality of life, measured by The Quality of Life-Bronchiectasis
guestionnaire (QolL-B).

- Reducing frequency of exacerbations per year.

- Improving dyspnoea perception, measured by mMRC score questionnaire.

- Improving pulmonary capacity, assessed by FEV1 and FVC.
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5. METODHOLOGY

5.1. Study design

This is a parallel randomised group, single institution, prospective, controlled clinical

trial.

All patients who meet the inclusion criteria will be allocated randomly 1:1 in one of the

two groups:

1. Control group will receive standard management (ELTGOL technique).
2. Intervention group will receive standard management (ELTGOL technique) and
exercise training, which includes interval endurance training, strength muscle

training and respiratory muscles training.

The effects of exercise training on the described variables will be assessed and compared
between the two groups after 8 weeks of intervention. All participants will then be

prospectively followed for a year to assess changes in the frequency of exacerbations.

The current study will be submitted to the Doctor Josep Trueta Hospital’s Medication
Research Ethics Committee (CEIm), and it will not be carried out until it receives its
approval. Additionally, it will be submitted to the Clinical Trial Registry (clinicaltrials.gov)

for publication of the results and subsequent disclosure authorization.

5.2.  Study Population

Adult patients (>18 years of age) with clinically significant bronchiectasis (12) confirmed
by chest CT in stable state (no exacerbations in the previous month), controlled in the
Hospital Universitari Josep Trueta's specialized bronchiectasis unit will be enrolled.

The Hospital Universitari Josep Trueta (HUJT) outpatient clinic registry will serve as our
sample frame, from where participants will be chosen. Individuals who match the

population characteristics will be invited to participate in the research.

5.2.1. Inclusion Criteria
Inclusion criteria will be as follows:

1) Exercise capacity reduce to disease (MMRC >2)
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7)

5.2.2.

An impaired lung capacity (FEV1 <50%).

At least 1 exacerbation in the previous year (57).

No changes medication in the last 4 weeks.

Sedentary behaviour (sitting down >540minutes/weekday by IPAQ-SF)
Individuals who commit attend all of the measurement appointments and at
least 80% of the intervention sessions.

Willing to give informed consent.

Exclusion Criteria

If any individual accomplish the following exclusion criteria will be automatically

rejected from participating:

1)

2)

3)
4)
5)

6)
7)
8)
9)

5.2.3.

Any physical or cognitive disorder that might interfere with protocol
performance.

Significant comorbidity that would limit the ability to undertake exercise training
(cardiovascular, cerebrovascular or musculoskeletal disorder).

Diagnosis of Cystic Fibrosis.

A primary diagnosis of COPD.

Diagnosis of active tuberculosis (TB), non-TB mycobacterial (specially
Mycobacterium abscessus) or any other pulmonary multi-resistance infection.
Participation in pulmonary rehabilitation programme in the last year.

Active smoker.

Pregnant women.

Haemoptysis as a current symptom.

Withdrawal Criteria

All patients selected and who agree to participate in the study must follow all the

instructions given and accomplish the follow-up appointments. Just the reasons below

exempt them from continuing with the protocol:

1.
2.

Patients who do not perform the 80% of the study programme.
Exacerbations and/ or hospitalizations during the study programme for any

reason.
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3. Patients lost to follow-up: when patient does not attend scheduled visits and/or
training sessions. In that case the investigator will call the patient. After 2 no-
responded calls, patient will be considered lost to follow up.

4. Revocation of informed consent requested by patient or voluntary decision to

leave.

Itis crucial to thoroughly explain the entire process, any side effects, and the anticipated
outcomes for them to minimize possibilities for a patient to abandon. Any participant
loss will be declared and recorded, together with the data and the reason for withdrawal

from the study.

5.3.  Study setting

Population will proceed from the specialized- bronchiectasis unit of Hospital Josep
Trueta which is in charge of doing the follow up and management of patients with

bronchiectasis that come from the health region of Girona.

The study will be regarded as a single institution. Nonetheless, the cooperation of two
facilities is required: Hospital Santa Caterina in Salt and Hospital Josep Trueta in
Girona.Hospital Josep Trueta will be the coordinator centre and will provide the sample
frame. The initial visit, the gathering of sociodemographic data, the completion of
guestionnaires, and the administration of functional tests (spirometry, MIP and MEP
determination) will also take place there.Exercise training sessions and oxygen uptake
measurements will be executed in the rehabilitation gymnasium of Santa Caterina

Hospital.

5.4. Sample

5.4.1. Sample Size
In a two-sided test, assuming a risk of an a-error of 0.05 and a B-error of 0.20, i.e.,
statistical power equal to 80%, and a drop-out rate of 15%, we will need 114 subjects to

detect a minimal difference of 40%.
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Minimum variations in V'O2max that we want to detect will be assumed from results
observed in other studies assessing exercise training effects in COPD patients, that
reported V'O2max values improve from 10% to 40% (74) (75). Moreover, the only study
published assessing V'O2max in bronchiectasis patients undergoing exercise training
reported a mean difference of 1.96 +/- 5.2561 ml/ min/kg in V'O2max values, which is

equivalent to 37% (54).

This minimal difference value and its standard derivation associated will allow for the
identification of a large impact size that is equal to or more than 1. Computations were
carried out with the Prof. Dr. Marc Saez’ software based on ‘pwr’ package of the free

statistical environment R (version 4.3.1).

5.4.2. Sample selection and Enrolment

A probabilistic random sampling method will be used to select participants for the study.
All individuals from the sample frame who fit the population characteristics will be
issued a number. We will obtain 114 random numbers by utilizing a random number
generator tool. Patients assigned with the numbers generated will be asked to

participate in the clinical trial.

Eligible patients will be invited to take part of the research throughout a phone call. If
they have a scheduled routine visit with the pulmonologist in the coming days, they will
extend an invitation in person. Following a clear explanation of the study to the patients,
those who will be interested in taking part will be arranged for a first visit to verify they

meet all inclusion and none of exclusion criteria, and give informed consent.

When the complete number of patients needed to create the sample group will be

reached, the procedure will come to a conclusion.

5.4.3. Time of Recruitment

Since only 32 patients can participate in the exercise program at once (we need 32 more
for the control group), we anticipate a recruiting time of 6 months in order to acquire a

minimum of 64 initial patients.
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This takes into consideration all unforeseeable circumstances that may happen. Prior to
their acceptance of participating, we must first get in touch with these patients, either
over the phone or on the day of the consultation, and make sure they meet all inclusion
criteria and none of the exclusion ones. They will receive a thorough explanation of the
intervention and be given time to consider their options and clear up any questions

before providing informed consent.

5.5.  Study Variables and Measuring Instruments

5.5.1. Independent variables
The independent variable for this study will be the type of rehabilitation performed:
exercise training (consisting in interval endurance training, peripheral muscle strength

training and respiratory muscle training) or ELTGOL airway clearance technique.

They will be assessed as a nominal dichotomous qualitative variable and will be
expressed by the type of intervention undergone (Exercise training / ELTGOL

technique).

5.5.2. Dependent variables

Primary dependent variable: Maximum Oxygen Uptake (V'O2max)

It is defined as the maximum rate at which oxygen can be consumed. Hence, it is
obtained during maximum exercise effort. V’O2max is commonly used to assess aerobic
capacity and function of the systems involved (respiratory, cardiovascular and

musculoskeletal system) (76).

V'0O2max will be interpreted in millilitres of O2 uptake per minute and kg of weight.

Therefore, we will evaluate it as a continuous quantitative variable.

To determine V'O2max values an ergometry will be conducted, which is an effort
exercise test (cycling), and the non-invasive analysis of gas exchange during breathing.
V’0O2max values will be obtained by calculating the amount of oxygen exhaled compared
to oxygen from environment. Ergometry mask is placed tightly covering the mouth and

the nose to properly control concentration of gas inhaled and exhaled.
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Oxygen uptake (V'02) increases with increased effort (approximately 10
mL/min/watt)(77), until it reaches a plateau, this will be indicative for V'02 max to be
reached. Reference values on health individuals will be taken from ERS Statement on

cardiorespiratory testing (78).

Secondary dependent variables

® Inspiratory and expiratory muscle strength: maximal inspiratory pressure (MIP)
and maximal expiratory pressure (MEP) are described as the preferable
parameters to evaluate respiratory muscle strength since both MIP and MEP
reflex the synergistic action of inspiratory and expiratory muscles (79).
To estimate MIP and MEP values we will determine the maximum pressure that
a subject can generate at the mouth by using a digital manometer connected to
a flanged mouthpiece.
Results will be presented in H20 cm, and analysed as a quantitative continuous

variable.

e Quality of life: The Quality of Life —Bronchiectasis (QoL-B) questionnaire will be
used to evaluate quality of life, which consist in a self-administrated patient-
reported outcome bronchiectasis-specific test based in 37 items distributed in 8
scales (Respiratory Symptoms, Physical, Role, Emotional and Social Functioning,
Vitality, Health Perceptions and Treatment Burden) (80). It collects symptoms
and health-related quality of life information.

Quality of Life, a score, will be measured as a discrete quantitative variable.

e Number of exacerbations: exacerbation will be considered as “A deterioration
in three or more of the following key symptoms for at least 48 h: cough; sputum
volume and/or consistency; sputum purulence; breathlessness and/or exercise
tolerance; fatigue and/or malaise; haemoptysis and a clinician determines that a
change in bronchiectasis treatment is required” (13).

Whenever this clinical situation will occur, the patient will stop undergoing

intervention. We will report exacerbation incidence in the participants who will

45



be able to finish the intervention from the study onset to 1 year after the study
end.
Exacerbation incidence will be described as the number of exacerbation per

patient over 1 year, a discrete quantitative variable.

Dyspnoea: in order to assess the degree of baseline functional disability due to
dyspnoea we will use the modified Medical Research Council (mMRC) scale, a
qguestionnaire based in 4 clinical options depending on the patients’ degree of
dyspnoea perceived during daily life activities (Annex 3). Scale results range from
0 to 4, being 0 physiological breathlessness and 4 dyspnoea as a limiting factor
for basic activities.

This variable will be categorized in a dichotomous qualitative variable (No

Severe: 0,1,2 and Severe: 3,4).

Pulmonary capacity: the following parameters will be obtained under
spirometry performance.

o Forced Vital Capacity (FVC): represents the lung size in litters and
is obtained by measuring the total volume of the air that can be
exhaled after a deep inhalation. FVC outcomes will be measured
in litters (L) and in proportion (%) of FVC results compared to
reference values. Therefore, it will be evaluated as a continuous
quantitative variable (L and %).

o Forced Expiratory Volume in 1 second (FEV1): measures the
amount of air that a person can move out of the lungs in the first
second of a forced exhalation. It gives information about airflow
limitation. FEV1 outcomes will be measured in litters per second
(L/s) and in proportion (%) of FEV1 outcomes compared to
reference values. It will be evaluated as a continuous quantitative

variable (L/s and %).
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TABLE 5: STUDY DEPENDENT VARIABLES

VARIABLE DESCRIPTION MEASUREMENT WHAT IS UNITS
ASSESSED
Maximum Continuous Ergometry Cardiorespiratory MI/min/kg
Oxygen Uptake quantitative capacity
(V'O2max)
Maximal Continuous Pressure in the Respiratory H20 cm
inspiratory and guantitative mouth calculated muscle strength
expiratory by a manometer
pressure
Dyspnoea Ordinal mMRC Degree of Score points
Perception gualitative questionnaire functional
disability due to
dyspnoea
Quality of Life Ordinal Quality of Life- Health-related Score points
qualitative Bronchiectasis quality of life in
Questionnaire bronchiectasis
patients
Exacerbations Discrete Incidence of exacerbations during 1 Ne

quantitative

year follow-up

FVC Continuous Spirometry Lung capacity Litters and %
quantitative

FEV1 Continuous Spirometry Airflow state Litters per
guantitative second and

5.5.3. Co-variables

%

Co-variables will be determined in order to describe characteristics of both groups and

analyse possible confusion / interaction factors.

e Sex: it will be described as a dichotomous nominal qualitative variable and will
include the categories: men/women. Results will be expressed by proportion (%)
of men and women for each group. It will be obtained from the patient’s ID card

or any other official document and registered in the data collection document.
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Age: it will be described as a continuous quantitative variable. Results will be
expressed in years. It will be obtained from the patient’s ID card or any other
official document and registered in the data collection document.

Birth day will also be recorded.

Bronchiectasis aetiology: it will be analysed as a categorical nominal qualitative

variable. It will be obtained from the patients’ clinic history.

Severity of the disease: it will be described as an ordinal qualitative variable.

Results will be obtained using BSI score (Annex 2).

Body Index Mass (BMI): it will be described as a continuous quantitative variable
in kg/m?. Results will be obtained using the equation: weight in kilograms divided

by height in meters squared.

Pseudomonas chronic infection: 1t will be analysed as a non-dichotomous
qualitative variable, including the categories: Yes / No. Data will be obtained

through microbiological cultures of sputum samples.

Peripheral oxygen saturation: it will be analysed as a continuous quantitative
variable. Results will be determined by pulsed or transcutaneous oximetry and

expressed in %.

Sedentary Behaviour: it will be assessed by the International Physical Activity
Questionnaire —Short form (IPAQ-SF) which consists in 7 questions assessing
physical activity in daily life during the last 7 days. Patients have to indicate time
of physical activity undertaken in different domestic situations (Annex 5) (81).
Results are expressed in MET-minute/week. Each type of physical activity has a
MET value associated (82):

o Walking MET= 3.3

o Moderate MET = 4.0
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o Vigorous MET = 8.0
Walking + Moderate + Vigorous MET-min/week scores add up to a combined
total physical activity MET-min/week.
Because of its non-normal distribution, results are presented as the median
MET-minutes of physical activity in the last week. In this case, physical activity

is analysed as a discrete quantitative variable.

Comorbidities: it will be analysed as a categorical nominal qualitative variable.

Information will be obtained from the patients’ clinic history.

Current medication: it will be analysed as a categorical nominal qualitative

variable. It will be obtained from the patients’ clinic history.

TABLE 6: STUDY CO-VARIABLES

VARIABLE DESCRIPTION  MEASUREMENT = UNITS/CATEGORY
Sex Dichotomous Patient’s clinical Male / Female
nominal history and/or
qualitative anamnesis
Age Continuous Patient’s clinical Years
quantitative Histoy and/or
anamnesis
Bronchiectasis Categorical Patient’s clinical See Aetiology
Aetiology nominal history (section 1.3)
qualitative
Severity of Ordinal BSI score Score points
Bronchiectasis qualitative
Body Index Continuous Height and Kg/ m2
Mass guantitative weigh

determination

Pseudomona Dichotomous Microbiological Yes / No
colonization qualitative sputum culture
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Peripheral Continuous Pulsioxymeter %
Oxygen guantitative device
saturation
Sedentary Discrete IPAQ-SF MET-minute /
Behaviour guantitative week
Comorbidities Categorical Patient’s clinical
nominal history
qualitative
Current Categorical Patient’s clinical
Medication nominal history
qualitative

Other information that will be reported during the whole study programme will be:
e Number of deaths and cause.
e Number of withdraw patients, cause and time of abandoning.

e Side effects experienced because of intervention.

5.5.4. Measurements

All performances will be supervised by a pulmonologist and a physiotherapist. They will
give an explanation of how to perform test correctly and main objectives to achieve.

Contraindications for every test will be checked before every measurement.

V’O2max and Ergospirometry

Maximum oxygen uptake will be determined while performing an ergometry in a

ergoline 100 bicycle. The cycle-ergometer will be calibrated once a day.

Test will be performed following a stepped incremental protocol: the initial resistance
will be 0 watts (w) and it will increase progressively at a rate of 10-15w/min (depending
on the patient mMRC score). The speed will be constant at 60 r.p.m. The test will be
considered finished when the patient experiences volitional fatigue. Patient will be
asked not to talk and communicate with hand signals. 4 signals will be taught before

starting:
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- OKsignal (everything is okay; patient can continue doing the test)
- So-so signal (patient is starting to feel limitation symptoms and/or fatigue)

- 1-minute signal (patient feels that in less than a minute he/she will have to stop)

- Stop signal (patient cannot continue performing the test)

Image 6: Signals to communicate during ergometry. In order: 1 OK signal; 2 so-so signal; 3 one-
minute signal; 4 stop signal

The ergometry incorporates a mask with CO2 and 02 analyser called pneumotogrph
which will be calibrated before every attempt. V'O2max will be determined as the
highest value over 30s during the test (when the plateau will be achieved). VO’2 values
and duration time will be recorded automatically by the ergometer sensor. Next, it will

be stored in a database for further analysis and interpretation of differences.

In every attempt, we will monitor blood pressure (BP), heart rate (HR), cardiac function

(ECG) and oxygen saturation monitoring (Sat 02).

o el s

Image 7: Pneumotograph Image 8: Gas analyser mask
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Results will not be valid if the patient has to stop the test for a non-pulmonary reason
(e.g., chest pain, muscle pain). Therefore, we will determinate the cause of exercise

limitation and exclude all test results that do not end because of respiratory dysfunction.

TABLE 7: CAUSE OF EXERCISE LIMITATION
RESPIRATORY CARDIOVASCULAR PERIPHERAL PERIPHERAL

LIMITATION LIMITATION MUSCLE DECONDITIONING
LIMITATION

vozeet § | | |
V’02 at
anaerobic

NORMAL NORMAL o l LIKELY l l
thereshold
Peak HR l LIKELY NORMAL l, NORMAL
Sat 02 NORMAL

l NORMAL NORMAL NORMAL
o)

TABLE 8: ERGOMETRY CONTRA-INDICATIONS (83)

Acute or severe chronic cardiorespiratory Acute or severe disease of other organ

disease causing functional impairment: systems:
e Severe congestive heart failure e Nephritis
e High-grade congenital heart defects e Poorly controlled diabetes mellitus
e Cardiomyopathy e Electrolyte disturbances

e Severe arrhythmias

e Thromboses

e Malignant hypertension or
pulmonary hypertension
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Image 9: Ergometry used to determine V'02 in Santa
Caterina Hospital

Maximal inspiratory and expiratory pressure (MIP and MEP)

MIP and MEP determinations will be obtained by following the ATS statement on
Respiratory Muscle Testing (58). The digital manometer will be calibrated before every

measurement.

Patients will be carefully informed about the procedure. They will be seated and ordered
to breath normally for 1 minute. The flanged mouthpiece will be placed between upper
and lower teeth and held firmly in order to avoid air leakage. Nose will be closed using
a nose clip. A valve system allows to breath normally until the manoeuvre will be

performed.

1. MIP: After 3 cycles of normal breathing we will instruct the patient to expire
to residual volume and hold breath for 3 seconds (Mueller Maneuver). We
will ask the patient to rise his/her hand to indicate when all air has been

expired.
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2. MEP: after 3 cycles of normal breathing we will instruct the patient to inspire

the total lung capacity and hold breath for 3 seconds (Valsalva Maneuver).

To Pressure Manometer

Valve

/

=pe—— Air Leak

Image 10: Measurements of maximal respiratory pressures (59)

We will repeat this performance until 3 acceptable tests will be achieved (no air leakage,
holding breath for 3 seconds) and 2 of them will be repeatable (maximum difference
between attempts <20% the mean value). The selected value will be the highest one
among the 3 accepted. Measurements will be performed a maximum of 8 times.
Reference values in healthy people are (84): Females MIP (63.1 + 20cm H20) and MEP
(78 £ 24 cmH20): males MIP (86.8 + 28 cmH20) and MEP (115 + 37 cmH20).

Basal dyspnoea perception

Patients will be asked to self-respond the mMRC scale questionnaire (Annex 4).

Physical Activity Condition

Patients will be asked to self-respond the IPAQ- SF questionnaire (Annex 5).

Quality of Life

Patients will be asked to self-respond The Quality of Life-Bronchiectasis questionnaire

(Annex 6).
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Number of exacerbations

Exacerbations will be considered as described in variables (see 5.5.2). We will train
patients to identify whenever an exacerbation will occur and ask them to attend the
clinic for further examination. If an exacerbation occurs during the intervention
programme period, the participant will be excluded from the study, as we assume he or

she will not be able to attend 80% of the sessions.

During the follow-up period, exacerbations for every patient will be recorded specifying
the following information: duration of exacerbation, treatment undertaken, severity of
symptoms and need of hospitalization. In the case a patient is hospitalized due to an
exacerbation, we will determine if the reasons for hospital admission match our
definition of an exacerbation by asking to the emergency doctor or checking clinical
history of the patient. Otherwise it will not be taken into account as an exacerbation.

Data collection period will be 12 months since the end of the intervention programme.

Pulmonary Capacity

Spirometry will be performed using the ATS (American Thoracic Society) Standardization

of Spirometry (85).

Regarding test setting, all spirometry attempts will be performed in same ambient
temperature, barometric pressure and time of the day. This information will be

recorded.

A spirometer will be used. All equipment will be calibrated every day with 3 different
fluxes, and technicians will confirm spirometers meet the standards. Patients will be
carefully informed about the procedure and able to ask. Technicians will give them
instructions and encouragement throughout the performance. Patients will be required
not to take bronchodilators 6-24h before the test. They will be seated in a correct
posture (shoulders a little back and chin a slightly elevated). For the different

manoeuvres determination, a mouth piece and nose-clip will be used.

For FEV1 and FVC determination patients will be asked to perform a maximal inspiration
followed by a maximal expiration without hesitating. We will encourage to keep until a

plateau will be reached or the forced expiratory time hits fifteen seconds.
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Results will be accepted if they meet the following criteria (based on adults population)

(68):

A good start of exhalation with extrapolated volume <5% of FVC or 0.150 L,
whichever is greater

Free from artifacts

No cough during first second of exhalation (for FEV1)

No glottis closure or abrupt termination (for FVC)

No early termination or cutoff (for FVC). Timed expiratory volumes can be
reported in maneuvers with early termination, but FVC should be reported only
with qualification.

Maximal effort provided throughout the maneuver

No obstructed mouthpiece

Image 11: Spirometry performance in the Josep Trueta Hospital.

We will report results if there will be minimum 3 acceptable manoeuvres with a

maximum of 8 attempts. The differences between the 2 best manoeuvres must be <5%

or 150mL. We will take the best result.

Reference values are based on the Global Lung Function Initiative (GLI) equations, which

considers different phenotypes depending on the ethnical origin applicable across all

ages (from 3 to 95 years old), as well as biological sex, height and weight.

56



TABLE 9: SPIROMETRY CONTRA-INDICATIONS (85)

Due to increases in myocardial demand or changes in blood pressure: acute myocardial
infarction <1 week; systemic hypotension or severe hypertension; significant
atrial/ventricular arrhythmia; non-compensated heart failure; uncontrolled pulmonary
hypertension; acute cor pulmonale; clinically unstable pulmonary embolism; history of
syncope related to forced expiration/cough

Due to increases in intracranial/intraocular pressure: cerebral aneurysm; brain surgery <4
weeks; recent concussion with continuing symptoms; eye surgery <1 week

Due to increases in sinus and middle ear pressures: sinus surgery or middle ear surgery or
infection <1 week

Due to increases in intrathoracic and intraabdominal pressure: presence of pneumothorax;
thoracic surgery <4 weeks; abdominal surgery <4 weeks: late-term pregnancy; infection
control issues; active or suspected transmissible respiratory or systemic infection: physical
conditions predisposing to transmission of infections

5.6. Study Intervention

5.6.1. Randomization
Subjects will be randomly placed in one of both groups at a rate of 1:1. In order to
minimize bias, a simple computerized randomisation will be applied by using SPSS

software

- Intervention Group: 57 patients will undertake the Exercise training, as well as
receive usual care (ELTGOL technique).

- Control Group: 57 patients will be treated with usual care (ELTGOL technique).

After giving informed consent, patients’ data will be stored in a database under a
number of identification generated automatically by the software. This will ensure

protection of participants’ confidentiality.
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5.6.2. Blinding

It is not possible to apply masking techniques since both interventions involve subjects’
participation and they will be carried out in very different conditions. Consequently, the
present study will be un-blinded as both participants and investigators will be aware of

the intervention applied for every patient. This will be discussed as a limitation below.

However, statisticians responsible of analysing outcomes will be deprived of knowing
further information, which will preserve them to commit subjective bias in the data

study.

5.6.3. Intervention

Participants will be randomly placed in 2 homogeneous groups in terms of and baseline

characteristics as well as age and sex.

After baseline measurements and before intervention will start, both groups will receive
an hospital session in order to receive an educational workshop, explanation of different
aspects of their condition, dietary recommendations and self-management of the
disease. In addition, all participants will be encouraged to follow an active and healthy
life style to ensure similarities in physical and nutritional condition. They will also be
taught how to perform ELTGOL technique properly by professional physiotherapists and

to identify exacerbation’s symptoms. The intervention will be carried out as follows.

5.6.3.1.  Control Group

Patients included in the Control Groups will be trained by the physiotherapist and
required to perform the ELTGOL exercises at home twice-daily for 15 min if only one

lung affected, and 30 min when both lungs are affected (15 min each side).

To ensure protocol compliance, patients will be responsible of reporting in a diary with
the following information: time of the day when ELTGOL was performed, frequency and
duration. If they are not able to perform ELTGOL, it will be imperative to report the
reason and the day. They will also be asked to bring the diary at the end of the

intervention. The diary's contents will be gathered and kept in a database.
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5.6.3.2. Intervention Group

Patients of intervention group will conduct
- 3 exercise training sessions per week, which will consist in endurance training,
strength training and inspiratory muscle training.

- Airway clearance technique ELTGOL (same protocol as control group)

Prior to starting the study, all patients will attend the rehabilitation gym to familiarize
themselves with the equipment and minimize the effects of test habituation. All patients
will be trained by a physiotherapist to perform intervention exercises property. All
sessions will be supervised by one physiotherapist, and interventions will be embedded
in a multidisciplinary approach, including medical supervision, nutritional and

psychosocial management. Modifications will be done adapting every patient’s ability.

Before starting:

- Recommendations: they should wear comfortable clothing and appropriate
shoes to undergone exercise. Neither heavy meals nor vigorous exercise are
recommended within 2h of starting the training. Alcohol, other drugs, and
stimulants like coffee should not be consumed 2h prior to the intervention.

- Warm up: patients will be addressed to warm-up for 10 minutes in the ergocycle

with no load resistance.

ENDURANCE TRAINING
Endurance training will be performed on an ergometer static bicycle (Ergoline 100)

following an interval modality.

Intensity of exercise will be established for all patients at 80% of their maximal work
rate, determined as the maximum work load achieved in the ergocycle exercise in the
first session. Borg scale (Annex 6) will be used to detect perceived exertion (Annex 6).
When Borg scale rated perceived dyspnoea as moderate during exercise, training work
load will be increased progressively 5% to 10% of peak capacity. We will try to reach
150% of the baseline maximum work peak for each patient at the end of the intervention

programme.
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Image 12: ergo cycle ergoline 100 from the Santa Image 13: Rehabilitation gymnasium of Santa
Caterina Hospital’s rehabilitation gymnasium Caterina Hospital

Interval protocols:
1. INTERVENTION: 30 seconds exercise at 80%-150% of maximum work load
followed by 30 seconds of rest. Repeated cycles until session time is finished.
2. 2 minutes of active recovery at 20% of maximum work load.

3. 3 minutes of passive recovery seated on a chair

Total exercise time will be 15-20 minutes of ergometry per session (including rest
periods). Progressively duration will increase to 45-60 minutes per session until the end

of the study intervention.

RESISTANCE/ STRENGTH TRAINING

Resistance (or strength) will be trained by repetitive weights exercise of relatively heavy

loads in local muscle groups. Sessions will be conducted 3 times per week:

e Upper limb muscles: triceps brachialis, biceps brachialis, deltoids, latimissimus

dorsi and pectoralis major.

e Lower limb: quadriceps femoris.
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Technique:
- Exercise ‘hanger’ (that exercise the latissimus dorsi muscle)
- Exercise “double bicep curl” (biceps brachii)
- Exercise ‘butterfly’ (pectoralis major muscle)
- Exercise ‘neck press’ (triceps brachii and deltoids)

- Exercise ‘leg extension’ (quadriceps femoris)

Exercise will include primarily dynamic repetitions of both concentric (muscle
shortening) and eccentric (muscle lengthening) muscle actions. Sequence will be the
same for all participants during all sessions: latimisimus dorsi > biceps brachialis >

pectoralis major > triceps brachialis and deltoids > quadriceps femoris.

Protocol (86):

1. 6-12 repetitions x 2-4 times at ranging intensities from 50% to 85% of the one
repetition maximum (1RM) (the maximal load that can be moved only once over
the full range of motion without compensatory movements (87))

2. Intensity will be increased progressively by 2% to 10% of 1RM if one to two
repetitions over the desired number are possible on two consecutive training
sessions.

3. Speed of exercise will be required to be moderate: 1-2 seconds concentric and

1-2 seconds eccentric

Image 14: Hanger exercise
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Image 16: Butterfly exercise

Image 17: Neck press exercise
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Image 18: Leg extension exercise

INSPIRATORY MUSCLE TRAINING
To exercise inspiratory muscles a resistance device called “threshold loading” will be
used. The patient will have to inhale strongly to open a spring-loaded valve against an

individualized load (60). Inspiratory training will be performed 3 times per week.

Initially, intensity will be established to be >30% of maximal inspiratory pressure and it

will be increased stepwise as tolerated (73). Protocol:

- 2 minutes of inspiratory muscle training.
- 1-minute resting.

- Repeat this cycle 7 times per session.

Image 19: Threshold Device (88)
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TABLE 10: SUMMARY OF THE EXERCISE TRAINING

INTERVAL TRAINING STRENGTH TRAINING INSPIRATORY MUSCLE
TRAINING
3 days per week 3 days per week 5 days per week
FREQUENCY
30 s exercise —30 s 2-4 sets of 6-12 Threshold loading
MODE rest repetitions
80-100% of Maximum Initially 50-85% of 1RM, Initially >30% MIP and
INTENSITY Work rate the first 3-  and increased by 2-10% increasing as tolerated
4 sessions, and of IRM if 1-2 are
increase by 5-10% possible on two
until achieved 150% consecutive training
sessions.
Initially 15-20 minutes 1-2 seconds concentric =~ 7 x 2 minutes of IMT and 1
DURATION / session, and and 1-2 seconds minute of rest between

increase until 45-60 eccentric alternately each interval
minutes / session

5.7. Follow-up and Data Collection

A data manager will be designated as the person responsible of creating a computer-

based database where all information collected will be stored.

After enrolment of participants, those who agreed to take part of the present study
programme will be scheduled for a first visit in the external clinic with the main

investigator. First visit will consist in:

- Confirm inclusion criteria and rule out exclusion criteria

- Explanation of the study: patients will receive oral and written (Annex 6)
information about the study justification, main objectives and procedure of the
intervention.

- Participants will give informed consent (Annex 7).

- Responsible physicians will collect socio-demographic and clinical data and other
non-physical measures. Information will be obtained mainly from clinical history,

questionnaires and/or anamnesis.
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- Pulmonologists will fill the “case report form” (see Annex 8) to collect all data

referent to co-variables assessed in the study.

Patients will then be required to come in for a follow-up appointment where baseline
measurements will be taken. V'O2max measurement will take place in the Santa
Caterina Hospital’s rehabilitation gymnasium, while functional tests measuring MIP,
MEP and lung capacity (FEV1, FVC, FEV1/FVC, VE, VT) will take place in the Josep Trueta
Hospital. In the outpatient clinic, patients will also be required to complete
guestionnaires on their quality of life, level of physical activity, and perception of their
basal dyspnoea. All information collected will be stored in a database for further
analysis. All baseline measures and data collection will be preferable done less than a
week before starting the training programme. Additionally, all participants will receive

a common educational first session.

After, individuals will be randomized in 2 groups. From this start point intervention for
both groups will begin and will last 8 weeks. Information collected from both groups
during this period of time will be the following:

- Exacerbations whenever occur.

- Hospitalizations due to any reason whenever occur.

- Drop-outs: reason of quitting and date.

- Side effects of intervention.

- Deaths, reason and time.

Within a week of the intervention's completion, post-intervention measures will be
carried out in the hospital that has the appropriate equipment for determining each
variable. Diary information about ELTGOL performance will also be collected from both

groups.

Follow-up will continue for 1 year in order to report prospectively number of
exacerbation of participants from both groups. Clinical coordinator will be the one in
charge of the follow-up procedure. Each patient will be responsible of informing the
clinical coordinator (by calling to a given phone number) whenever an exacerbation will
occur. Clinical coordinator will confirm that exacerbations meet the consensus definition

and will report information. Every two months, patients will receive a call from the
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clinical coordinator to provide updates on their follow-up appointments. After 1-year

period, the study follow-up will be concluded.

. Post-
Baseline intervention

-vari 1-year
CONEHABIES dependent INTERVENTION dependent '

; ; . exacerbations
data collection variable variables follow-u
measurements measurement P

S

Figure 9: Data collection process

5.7.1. Patient Journey

1-6 months <1 week INTERVENTION <1 week 1-year

pre- pre- PERIOD (8 post- Follow-up

intervention intervention weeks) intervention post-
intervention

STUDY INVITATION X

1St VISIT

Informed consent and X
co-variables collection

2 VISIT
Pre-intervention X

dependent variables
collection

EDUCATION SESSION X

Collection of
ELTGOL information X
in the diary

TRAINING SESSIONS
(Intervention Group) X

4t viISIT
Post-intervention X

dependent variables
collection

EXACERBATION X
COMMUNICATION
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5.7.2. Flow Chart

EXCLUDED if:
» Physical or cognitive disorder
« Significant comorbidity
» Cystic Fibrosis

» COPD as the main cause of bronchiectasis
» Active transmissible pulmonary infections

« Smoker, pregnancy or heamophtysis

Benefits of Exercise Training in Bronchiectasis

Patients with stable
bronchiectasis from the
HUJT's specialized unit

» Previous pulmonary rehabilitation program

Inclusion and Exclusion
criteria examination

« VO2
» Questionnaires
« Functional tests

8 weeks

Figure 10: Patient’s flow chart

PARTICIPANTS ENROLLMENT

1st VISIT

Explanation of the study
process

Informed consent

2nd VISIT: BASELINE
MEASUREMENTS

3rd VISIT: COMMON EDUCATIONAL
SESSION

RANDOMIZATION OF
STUDY INTERVENTION 1:1

INTERVENTION GROUP CONTROL GROUP

Exercise training
programme +
ELTGOL technique

ELTGOL technique

4th VISIT: POST-
INTERVENTION
MEASUREMENTS

1-YEAR
EXACERBATIONS
FOLLOW-UP

Statistical Analysis

Socio-demographic and
clinical data collection
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5.8. Safety

Patients may experience dyspnoea, productive cough and fatigue during exercise and
report it as adverse reactions. However, this may be consequence of their intrinsic
exercise limitation (89). Indeed, intervention goal is to reduce symptoms with adaptive
responses with regular training. Moreover, exercise training will be performed using an

interval mode, which will minimize limitation symptoms perception.

Cross-contamination between patients training together could also become a risk.
Therefore, we will give hygiene education and provide a clean environment where to

train.
Other adverse reactions associated with exercise training that have been identified are:

- Bronchoconstriction.

- Hypoxaemia: reduction in oxygen saturation of less than ninety percent, which
is more common in patients with impaired lung function (89).

- Pneumothorax: it can occur from high intrathoracic pressure combined with
pressure breath hold during weight training (90). In that case, patient will be
excluded for participating anymore.

- Haemoptysis: can be triggered by sport (89). Mild or moderate haemoptysis will
be indicative to stop exercising.

- Cardiac Arrhythmia: it is observed to happen to 5-10% of people with
bronchiectasis during exercise (91). Risk factors are hypoxaemia and chronic
therapy with macrolides (89), so patients under these circumstances will be
specially monitored.

- Musculoskeletal lesions (fractures, sprains, and strains): because of high
prevalence of osteoporosis in bronchiectasis, these kind of exercise-induced
injuries are more common than in general population (89).

- Fluid and electrolyte losses due to sweating.

- Spleen injury and haemorrhage: it is a rare side effect that occurs in patients
with portal hypertension (89).

- Aneurism: is related to high blood pressure rates when performing

cardiorespiratory efforts (92).
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To ensure patient safety, the following requirements will be applied:

Prior to program participation we will perform a pre-test assessment in order to
ascertain the right degree of activity for each patient.

It will be determined whether patients require additional cardiac examinations
to guarantee the prescription of safe exercise training. Severe cardiovascular
comorbidities will be ruled out before starting intervention.

Exercise training sessions will be supervised by specialized physiotherapists, who
will be trained to enable and ensure recognition of comorbidities symptoms and
adverse reactions.

Contraindications of every test will be checked before starting.

Vital function will be monitored during variable measurements.

In the case oxygen therapy is required to undertake exercise it will be provided
and flow rate will be adapted to maintain adequate oxygenation.

Patients will continue their usual medication regimen for any condition
concurrently with the study treatment.

Gym equipment will be confirmed to meet safety standards.

Every between training sessions the gymnasium will be carefully
decontaminated and patients will be educated to keep with hygiene measures.
Patients with a multi-resistant chronic infection will train isolated.

Patients who will suffer an exacerbation and/or hospitalization for any cause

during the study will be asked to abandon the programme.

6. STATISTICAL ANALYSIS

A qualified statistician will do the statistical analysis. Version 29.0.1 of the Statistical

Package for Social Sciences (SPSS) software will be used to perform it.

For every analysis, a 95% confidence interval will be established. Accordingly,

statistically significant results will be defined whenever a p value appears <0.05. P value

for every result will be reported to determine significance.
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6.1. Descriptive Analysis

Descriptive analysis will provide information about characteristics of both groups.
Baseline features between groups are expected to be similar in order to compare
exercise training outcomes property. On the other hand, socio-demographic and clinical
data should be distributed symmetrically in both groups in order to control possible
confusion factors (mating) by using randomization techniques. Outcomes of every

variable with will be assessed and presented independently.

Continuous quantitative variable outcomes (V'02, FEV1, FVC, FEV1/FVC, VE, VT, MIP and
MEP) will be presented as the mean value +/- standard derivation for each group
(intervention and control group) in every measurement time. The primary dependent

variable (V'O2) will be assessed in this group.

Discrete quantitative (number of exacerbations, quality of life and MET-minutes per
week) as well as continuous quantitative variables not following a normal distribution
will be presented as the median of results obtained associated to its interquartile range
(15t and 3™ percentile) for each group in every measurement time. The assumption of

normality was checked by means of Shapiro—Wilk tests.

Finally, qualitative variables outcomes (basal dyspnoea perception) will be presented as
proportions (%) and absolute values (n) of individuals corresponding to every category

of the variable for each group in every measurement time.

6.2. Bivariate Inference

To analyse impact of exercise training by comparing V'O2max of both groups over time,
we will use a Student’s t test. The other continuous quantitative dependent variables
assessed (MIP and MEP, MET-minutes per week, number of exacerbations, FVC, FEV1)

will be also analysed using a Student’s test.

In discrete quantitative variables (number of exacerbations and MET-minutes per week,

exacerbations), median outcomes will be compared using a Mann-Whitney’s U.

A Chi-square test will be used to determine differences of qualitative dependent

variables (basal dyspnoea perception and quality of life) in both groups after
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intervention. In case that the expected number of cases in a cell will be lower than 5,

the Fisher’s exact test will be used

Additionally, all results will be stratified by co-variables. BMI will be categorized in low
weight (<18 kg/m?), normoweight (18-25 kg/m?), overweigth (25-30 kg/m?), obese (>30

kg/m?) The other quantitative co-variables will be categorized in quartiles.

6.3. Multivariate Analysis

Since this is a randomized clinical trial, it would not be necessary to adjust for possible
confounders. However, we will adjust for covariates in order to control unmeasured

confounders that could be associated with any of them.

To assess the association between exercise training and V'O2max, MIP and MEP, and
pulmonary capacity (FVC, FEV1) we will use linear regression, as they will appear
described as continuous quantitative variables. All measurements will be controlled for

all co-variables.

Number of exacerbations and quality of life (discrete quantitative variables) association
with exercise training will be evaluated by using a Poisson regression. Again, we will

control for all covariables.

In the case of basal dyspnoea perception, which corresponds to a dicothomous
gualitative variable, a logistic regression will be used. Comparison will be done again

adjusting by the covariables.

7. WORK PLAN AND CHRONOGRAM

The study research team will be composed by the following members:

- MAIN INVESTIGATOR (Ml): the person who will be in charge of elaborating the
study protocol based on an exhaustive bibliographic research, organizing the
project and join the research team. Ml will be responsible for resolving any doubt
and consider advises, as well as to present the study to the CEIC for its ethical

evaluation and approval.
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- DATAENTRY (DE): the person responsible for collecting data measurements from
the clinical chart and report them in the database, along with providing the
statistician with the results. CC will be an independent observer who will notify

unexpected interim analysis results or other matters to the M.

- CLINICAL COORDINATOR (CC): the individual in charge of overseeing the study
procedure, scheduling appointments, organize the professional training

sessions, and patient monitoring during the year after the intervention.

- HEALTH CARE PROFESSIONALS (HP): will include primarily pulmonologists (P),

nurses (N) and physiotherapists (PH).

- OTHER PERSONNEL: Statistical analyst (S), Laboratory personnel (LP), Training
personnel (TP), and Nutritionists (Nu). The statistician will be responsible for
carrying out the statistical analysis of the results obtained, interpreting and

providing conclusive results.

7.1.  PHASE O: Study Design

Before the study is initiated, the main investigator must determine whether the existing
protocol applied in clinical practice is effective. In our given study problem, the change
of protocol to include exercise training in standard management of bronchiectasis
generates the need to carry out studies with higher statistical power to test the

hypothesis.

After the study objectives are established and clearly defined, bibliographic research is
done to ascertain the most recent and high-quality evidence of the topic. The most

current data and research on the subject have been gathered.

Next, protocol is elaborated by the main investigator. This step lasts for around 2 months
(September and October 2023). The principal investigator is responsible for creating a
database to report all information collected (November 2023). In order to guarantee

participants’ confidentiality, each of them will be assigned a number of identification so
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information will be registered anonymously. The database will be filled simultaneously

as results of each patient are obtained.

Following step will be personal research recruitment, which will be done in December
2024. M1 will invite all health care professionals needed in the study to participate,
including pulmonologists, physiotherapists and nurses from Hospital Josep Trueta and
Hospital Santa Caterina. There will be an explanation of main objectives and procedures

of the protocol, question resolutions and consideration of advices.

Protocol will be presented to the Ethics Committee for its ethical evaluation and
approval (December 2023- January 2024). In order to permit results publication and
guarantee information disclosure in the future, it will also be registered with the Clinical

Trial Registry (January 2024-February 2024).

7.2. PHASE 1: Professional Preparation

In February 2024, professionals who agreed to participate will receive an information
session about details of the study and role of each collaborator. There will be an
explanation of the work chronogram, which includes regular meetings to guarantee

proper study advancement.

During the following 2 months (March and April of 2024) 3 more sessions will be

conducted tailored for each professional and conducted by Training Personnel:

a) Pulmonologists and nurses: they will receive training sessions to guarantee that
the sample selection is carried out correctly, emphasizing the inclusion and
exclusion criteria. If carried out properly, it will enable accurate population
representation. They will be taught how to perform tests adequately to obtain
acceptable and reproducible measurement outcomes. This training will
standardise the way data is collected. ERS statement of cardiorespiratory test

performance will be used as reference (78).

b) Physiotherapists: training will be provided to unify the method of airway clearance

technique information given to all participants. They will also be given instructions
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of how to perform the exercise training sessions correctly during exercise training
sessions. It will be based on the Global Training programme applied in COPD

patients, explained in Intervention group (see 5.6.3.2) (93).

7.3.  PHASE 2: Field Work

Recruitment and intervention phase will happen between May 2024 and November
2024. During these months, sample selection, enrolment and intervention programme

will be carried out.

Briefly, after selecting the study sample and confirm presence of inclusion criteria and
none exclusion criteria, participants will be explained the procedure and asked to sign
the informed consent if they agree to participate. Then, baseline data will be collected
as well as sociodemographic and clinical information (reported in case report form; see

Annex 8)

Participants will be randomly located in one of the two groups: Intervention control
(who will undergo the intervention programme) and Control group (who will receive

current management). Intervention for both groups will start in November 2024.

Training sessions will be conducted from Monday to Saturday. The gymnasium will be
available from 4 pm to 9 pm and sessions will last 1h. It has a 4 people capacity to train
at the same time which means everyday 16 people will be able to train (4 hours 4 people
per hour). Every patient will attend the rehabilitation gym 3 times per week so there will

be two rounds of patients per week:

- 16 patients dong training sessions on Monday, Wednesday and Friday.

- 16 patients doing training sessions on Tuesday, Thursday, Saturday.

Therefore, over eight weeks, 32 patients will complete the training sessions
simultaneously. With 57 people in the intervention group, it will take a total of 16 weeks
to finish the intervention for all participants. However, because unanticipated events
can happen and taking into account some patients will have to train isolated due to
multi-resistant infections, we project a total period of 24 weeks. Intervention will be

finished in May 2025.
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Finally, post-intervention data will be collected within 1 week after the end of the
intervention for each participant. Patients will be followed by a period of 12 months to
report exacerbations incidence over 1-year post-intervention. Follow up will be
concluded in May 2026. Information will be stored until this time before giving it to the

Statistical analyst.

7.4.  PHASE 3: Data Analysis and Conclusions

A Statistical analyst will be contracted to perform statistical analysis of the results
using a descriptive, bivariate and multivariate method. This will take place during May-

June 2026.

After statistical conclusions of the study will be obtained, the research team will

discuss the findings and elaborate a final report.

7.5.  PHASE 4: Publication of the Results

Between July and August of 2026, the MI will redact a final article including
background, introduction and justification of the study, methods and materials, results
and analysis of them, discussion and final conclusion. The article will be presented to
the main journals on this topic to be published in order to make information arrive to

all professionals of the field.
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TABLE 11: STUDY CHRONOGRAM

2023

2024

2025

2026

Jfa]s]o[nN]D

Mlalm[i]i]a]s]Jo]N]D

JJefmlalm|sJi]a]s]o[nN]D

J|F|M|A|M|J|J|A|S|O|N|D

PHASE 0: Study
Design

Bibliography research

Protocol Elaboration

Database Creation

Team Recruitment

CEIC approval

Clinical Trial
Registration

PHASE 1: Professional Preparation

Informative meeting

Training sessions

PHASE 2: Field Work

Sample Recruitment

Baseline measures

Intervention

Post-test measures

Exacerbation Follow-
up

PHASE 3: Data Analysis and Conclusions

Statistical analysis

Research team
discussion

PHASE 4: Publication

of Results

Article’s redaction

Publication

Info dissemination

76




8. STRENGTHS AND LIMITATIONS

Taking into consideration that this is a clinical trial, it will offer high quality evidence.
Furthermore, our study's single institution condition makes sample recruitment easier
and will ensure that the diagnosis and treatment are uniform since same pulmonologists
will have diagnosed patients using the same criteria. We will also be able to guarantee
they receive appropriate treatment and follow-up care. As consequence, Cofounding

factors will be more under control.

The main limitation of this study is the impossibility of being blinded. However, this
limitation is not expected to alter outcomes since most of the dependent variables of
the study (including the main) are determined using objective parameters.
Nevertheless, individuals from intervention group could experience Hawthorne effect
and this could influence in the self-questionnaire responses. To minimize the impact of
un-blinded effects, statistic analyst will not be able to know which study group (control
or intervention) the information comes from. Consequently, the analysis of the results

will be as objective as possible.

Additionally, since participants will come from the health region of the province of
Girona, the study sample will be more representative of the population, increasing
external validity. However, some participants will be required to mobilize from their
hometown/city to Girona three times a week, which will increase the study economical
expenses due to patient transportation and may suppose selection bias. Although our
study would require the participation of two hospitals, the distance between them is

minimal, so we do not anticipate this to cause any further limitation.

We will use a probabilistic random sampling method, giving to the study higher
representativeness of the population. All patients will have same probabilities of being
elected for participating, which ensure equal distribution of cofounders and interaction

factors and minimize selection bias committing.

When talking about the intervention we have to assume it needs the patient
contribution. Implementing exercise habits in these kind of patients may be difficult as

they present high baseline sedentary rates. Therefore, adherence to it will suppose a
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challenge and drop-outs are expected to be higher than in other studies. This limitation
has been taking into consideration when calculating the sample size needed, assuming

an abandoning rate of 15%.

Outcome tests may prose variability in terms of procedures and other factors that can
influence results. Consequently, all measurements will be done with equipment that
meet standards of quality and which will be properly calibrated before every attempt to
avoid non-differential missclassification bias. Moreover, to minimise inter-personal
variability, all pulmonologists will receive training sessions in order to homogenize
measurement procedures. Repeated measures will be done in the same time of the day

to avoid inter-day variability.

Diagnosis of exacerbations may be a subjective determination. To reduce heterogeneity,
we will use a reference definition and we will check in all cases if the clinical situation
matches our definition of an exacerbation. Otherwise it will not be taken into account

as an exacerbation. This way of proceeding will improve internal validity of the study.

9. FEASIBILITY

We firmly believe that this clinical trial is possible to be carried out due to several

reasons.

Firstly, the research team will be composed by a multidisciplinary group of professionals
with numerous years of experience and expertise in the field of pulmonary rehabilitation
and who have been recently enrolled in similar clinical trials. Given their background in
research and pulmonary procedures, our department will be ready to take on this

clinical trial.

We will use the rehabilitation gymnasium in Santa Caterina Hospital which is already
totally equipped. Other test employed will be those which are part of daily routine
measurements so there will be no need to purchase any extra equipment or devices. No
special authorization is needed to utilize the facilities because the gymnasium is
specifically reserved in the afternoon to conduct rehabilitation therapies for lung

disorders. For that reason, this research will not result in higher labour or material
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expenses in interventional rooms. In addition, since exercise training may improve the
severity of the condition and lower the frequency of exacerbations, we anticipate a
further decrease in the expenditures associated with bronchiectasis resulting in an

intervention that is more economically viable.

Total number of participants needed to provide sufficient power to the present study is
114 and recruitment time is estimated to last 6 months, which is logistically reasonable.
Appointments will take place in just two different centres located in the same
metropolitan area which will facilitate the transport of patients. Study sample comes
from patients controlled in the same specialized unit so we will ensure all participants
present homogeneous characteristics in terms of bronchiectasis diagnosis and adequate
management. Moreover, they are current patients of the clinic which will make it easier

to enrol them given established confidence and closer relation.

The intervention itself is simple to carry out, does not require invasive procedures, and
may be done simultaneously on more than one person. Since all groups will receive usual
treatment and the intervention program has minimal side effects associated, we will ask
for low intervention clinical trial qualifying. In the event that the request is granted, we
will not have to pay realization taxes and the hospital's clinical insurance will cover the

patients included in this study.

10. BUDGET

10.1. Personnel Costs

Research team members taking part of the study (Ml, CC, DE, N, P and PH) will not be
paid as their participation will be done during current workday. Other personnel
currently working in the hospital who will perform the study’s activities during their
normal clinical practice (nutritionists, laboratory personnel) will not cause additional

costs too.

To analyse the collected data and produce a statistical conclusion, a statistician will be
employed. With an estimated 40 hours of work necessary in total and an hourly wage of

75 euros, the total cost will come to 3000€.
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To ensure that physiotherapists have the knowledge necessary to conduct training
sessions effectively, a training technician will also be hired. Pulmonologists will also
learn how to do measuring tests from his/her. We calculate that the total cost of the

three training sessions they will provide will be 1000€.

10.2. Services Expenses

Randomization software tool SPSS as well as other informatics services such as the
database storage will be provided by the statistic analyst so their price is included in the

final cost of the analyst.

Transportation of patients who need to be transported from their basic health area to
Girona city/ Salt city will be provided. We anticipate a total of 4000€ for transportation

expenses.

10.3. Insurance Expenses and Taxes Costs

Since both groups will receive current care and the intervention does not entail a
significant increase in risk, we will ask for minimal intervention clinical trial qualification.
Should the CEIC grant our appeal, the hospital insurance will provide coverage for all
participants. However, we should consider that clinical trial insurances typically cost

100€ per participant.

10.4. Material Expenses

Exercise training sessions will be conducted in the rehabilitation gymnasium in Santa
Caterina Hospital in Salt, which already have all material needed. However, some tests
performances require additional costs. Based on the prices established by the ORDER
SLT/63/2020, of March 8, which approves the public prices of the Catalan Health Service,

still in force, costs will be:

- Spirometry: 41 €
- MIP and MET: 43€

- Ergometry: 226 €
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- Thereshold device: 60€ per person (each patient from intervention group will

receive one for the entire trial period)

All patients will undergo two of each test and patients from the intervention group will

acquire one therefore per person.
Questionnaires will be provided as free.
We will also have to print some documents:

- Informed consent: 1 pages

- Explanation sheet: 5 pages

- Case report form: 2 page

- The Quality of life questionnaire: 3 pages
- IPAQS: 1 page

- mMRC: 1 page

- BSI: 1 page

We assume cost to print per page will be 0.05 €. A total of 20 pages will be printed per
participant (1 time the informed consent, explanation sheet, case report form and 2
times the QoL-B, IPAQ-SF, mMRC and BSI per patient), so we estimate the total cost of

printed documents will be approximately 114€.

10.5. Publication and Divulgation Costs

We aimed to publish in the best respiratory journals which to our knowledge are New
England Journal of Medicine and The Lancet Respiratory. A total of 4000 € will be set

aside for publication.

Aditionally, we plan to present our study results at the SEPAR Conference, as well as the
Catalan Pulmonology Society and the European Respiratory Society Congresses. To cover

the cost of the inscription as well as travel and lodging, we will budget a total of 6000 €.

81



PERSONNEL SERVICES
Statistic analyst
Training technicians
SERVICES EXPENSES
Insurance Expenses

and Taxes Costs

Transportation
expenses
MATERIAL

Spirometry

MIP and MEP
determination

Ergometry

Thereshold device

Printed documents

Quantity

40 hours

3 sessions

1 contraction

1 contraction

2 per patient

2 per patient

2 per patient

57

20 pages / patient

PUBLICATION AND DIVULGATION COSTS

Publication to Journals
Conference
presentation
(inscription +
travel/accommodation

expenses)

1 contraction

1-2 people

TABLE 12: TOTAL ESTIMATED BUDGET

Price per Unit

75€/ hour

100€ / patient

41€ each

43 € each

226€ each

60€ each
0.05€/ page

4,000€

TOTAL price

3,000€
1,000€

0 € (if we are
considered low
intervention)

4000 €

9,348€ total
(82€/ person)
9,804€ total
(86 €/ person)
51,528 € total
(452 €/ person)
3,420€

114€

4,000€
6000 €

TOTAL 92,214€
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11. LEGALAND ETHICAL CONSIDERATIONS

Fundamentals of the study will be established based on the ethical principles of the
Declaration of Helsinki (1964) and the statements of The Principles of Biomedical Ethics

(1979).

- The Declaration of Helsinki: it was redacted in June 1964 by the World Medical
Association (WMA) with the purpose of creating universal statements of ethical
principles for medical research involving human subjects. Last review was
released in October 2013.

- The Principles of Biomedical Ethics: first edition was published in 1979 by
Beauchamp and Childress. They postulated that for any medical practice to be
ethical, it must respect all four of the following principles: Autonomy, Non-

Maleficence, Beneficence and Justice.

To guarantee the study meet the ethical requirements expressed by the Medical
Community it will be presented to the Medication Research Ethics Committee (CEIm) of
Hospital Universitari Josep Trueta. For its approval we will ensure to accomplish the

following:

Autonomy will be preserved since all individuals invited to participate will be carefully
informed about the procedure of the study. They will be given oral and written
explanation in an understandable and clear language. They will be explained that the
offer can be accepted or rejected without any prejudice or detriment. In the case they
accept to take part of the study, they will sign an informed consent to guarantee totally
comprehension of the procedure and autonomic desire to participate. People not
capable of understanding the process and objectives of the study or not willing to give
informed consent will be rejected to join us. Throughout the study, each participant's
values and personal preferences will be respected and they will be free to withdraw

from the study under any circumstance.

The exercise training programme consists in a non-invasive procedure with few
potential risks associated. To minimise adverse effects, we will apply some security

measures explained in Safety Section (see 6.1). Risks are related to exercise
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performance. Therefore, safety will be provided during the intervention and the
outcome measurements to both groups. Contraindications will be checked before every
training or measurement attempt, and people in risk of getting harm will be excluded
from participating. To avoid maleficence, all participants will receive approved standard

treatment.

Sport and physical activity has been widely evidenced to provide health benefits in all
clinical conditions. Our expectations are to see similar effects in bronchiectasis and
supply them with their benefits. All procedures will be tailored for every patient’s needs.
At any case, the study will generate new knowledge about bronchiectasis management
possibilities, taking into account that advantages exceed any possible risks. Population
selection has been design according to the study needs. Procedure has been carried out

following an equitable distribution without any positive or negative discrimination.

The development of this study will adhere to the most recent Spanish and European

laws, guaranteeing to accomplish with:

e “lLey 14/2007, de 3 de julio, de Investigacion Biomédica”.

e “lLey41/2002, de 14 de noviembre, basica reguladora de la autonomia del
paciente y de derechos y obligaciones en materia de informacién y
documentacién clinica”.

e “Ley Orgénica 3/2018, de 5 de diciembre, de Proteccion de Datos Personales y
garantia de los derechos digitales”.

e “Regulation (EU) 2016/679 of 27 April 2016: Protection of natural persons with
regard to the processing of personal data and on the free movement of such

data, and repealing Directive 95/46/EC (General Data Protection Regulation)”

We will also follow European guidelines of “International Conference on

Harmonization E6 (R2) on Good clinical practice”.

PRIVACY AND CONFIDENCIALITY
Legal accomplishment of Data protection and confidentiality of participants will be

verified. Data and information collected will be stored in a database under a number of
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identification for each patient to keep anonymity. In addition, only the Research Team

and the Statistic analysts will have access to this information.

TRANSPARENCY

Results of the present study will be published regardless of unfavourable data or
events. All study members will declare no conflicts of interest. Participants will be
informed clearly throughout every step of the work plan in the case any unforeseen

happen.
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12.  IMPACT

Bronchiectasis is a chronic disorder that produces physical limitations and an
impairment of quality of life. Despite inactivity has been associated to negative

outcomes for individuals with bronchiectasis, it has not been well studied.

Onthe other hand, in other chronic lung diseases exercise therapies’ benefits have been
widely proven. There is some evidence that exercise training in bronchiectasis could
provide similar effects and improve patients’ health-related quality of life. This is
supported by physiopathology of the disease which explains why during exercise they
experience limitation symptoms. However, studies published provide low-quality
evidence because of methodological limitations and do not purpose any standardised

protocol.

The present clinical trial is expected to provide high-quality evidence of effects of
exercise training in the bronchiectasis population with higher exercise intolerance rates.
It has been methodologically designed to supply with rigorous information about
exercise capacity, respiratory muscle strength, dyspnoea perception, quality of life and
pulmonary capacity before and after training sessions to generate an evidence-based
conclusion of real impact of exercise training in these patients. Sample size is adequate
to support evidence of results obtained and representativeness of the study population
guarantees enough external validity to extrapolate conclusions. Exercise tolerance will
be assessed by using the maximum oxygen uptake which is considered the gold standard
to determine exercise capacity and will ensure objective and reproducible results.
Moreover, it will be the first bronchiectasis-based study which establishes a

standardized protocol to be implemented as part of current management of the disease.

Indeed, if we confirm our hypothesis, exercise training rehabilitation could be
implemented as part of current management of bronchiectasis which would mean a big
step in how medical professionals deal with the disease as well as how patients live with

it.

86



13. BIBLIOGRAPHY

1. Vendrell M, De Gracia J, Olveira C, Angel Martinez M, Girén R, Maiz L, et al. Diagndstico y
tratamiento de las bronquiectasias. Arch Bronconeumol [Internet]. 2008 Nov [cited 2023
Oct 2];44(11):629-40. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0300289608750257

2. Monteagudo M, Rodriguez-Blanco T, Barrecheguren M, Simonet P, Miravitlles M.
Prevalence and incidence of bronchiectasis in Catalonia, Spain: A population-based study.
Respir Med [Internet]. 2016 Dec [cited 2023 Oct 11];121:26—-31. Available from:
https://linkinghub.elsevier.com/retrieve/pii/50954611116302670

3. Quint JK, Millett ERC, Joshi M, Navaratnam V, Thomas SL, Hurst JR, et al. Changes in the
incidence, prevalence and mortality of bronchiectasis in the UK from 2004 to 2013: a
population-based cohort study. Eur Respir J [Internet]. 2016 Jan [cited 2023 Oct
10];47(1):186—93. Available from:
http://erj.ersjournals.com/lookup/doi/10.1183/13993003.01033-2015

4. de la Rosa D, Martinez-Garcia MA, Olveira C, Giron R, Maiz L, Prados C. Annual direct
medical costs of bronchiectasis treatment: Impact of severity, exacerbations, chronic
bronchial colonization and chronic obstructive pulmonary disease coexistence. Chron Respir
Dis [Internet]. 2016 Nov 1 [cited 2023 Nov 3];13(4):361-71. Available from:
https://doi.org/10.1177/1479972316643698

5. Cole PJ. Inflammation: a two-edged sword--the model of bronchiectasis. Eur J Respir Dis
Suppl [Internet]. 1986 [cited 2023 Oct 20];147:6-15. Available from:
https://pubmed.ncbi.nlm.nih.gov/3533593/

6. Flume PA, Chalmers JD, Olivier KN. Advances in bronchiectasis: endotyping, genetics,
microbiome, and disease heterogeneity. The Lancet [Internet]. 2018 Sep [cited 2023 Sep
20];392(10150):880-90. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0140673618317677

7. Cantén R, Cobos N, Gracia J de, Baquero F, Honorato J, Gartner S, et al. Antimicrobial
therapy for pulmonary pathogenic colonisation and infection by Pseudomonas aeruginosa
in cystic fibrosis patients. Clin Microbiol Infect [Internet]. 2005 Sep 1 [cited 2023 Oct
9];11(9):690-703. Available from:
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)62374-0/fulltext

8. Stockley R. Assessment of airway neutrophils by sputum colour: correlation with airways
inflammation. Thorax [Internet]. 2001 [cited 2023 Oct 11];56:366—72. Available from:
https://thorax.bmj.com/content/56/5/366

9. Chalmers JD, Polverino E, Crichton ML, Ringshausen FC, De Soyza A, Vendrell M, et al.
Bronchiectasis in Europe: data on disease characteristics from the European Bronchiectasis
registry (EMBARC). Lancet Respir Med [Internet]. 2023 Jul [cited 2023 Sep 23];11(7):637-49.
Available from: https://linkinghub.elsevier.com/retrieve/pii/S2213260023000930

10. Winter DH, Manzini M, Salge JM, Busse A, Jaluul O, Jacob Filho W, et al. Aging of the
Lungs in Asymptomatic Lifelong Nonsmokers: Findings on HRCT. Lung [Internet]. 2015 Apr 1

87



[cited 2023 Oct 2];193(2):283-90. Available from: https://doi.org/10.1007/s00408-015-
9700-3

11. Smith MP. Diagnosis and management of bronchiectasis. CMAJ Can Med Assoc J
[Internet]. 2017 Jun 19 [cited 2023 Oct 2];189(24):828—-35. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5478409/

12. Aliberti S, Goeminne PC, O’'Donnell AE, Aksamit TR, Al-Jahdali H, Barker AF, et al.
Criteria and definitions for the radiological and clinical diagnosis of bronchiectasis in adults
for use in clinical trials: international consensus recommendations. Lancet Respir Med
[Internet]. 2022 Mar [cited 2023 Oct 2];10(3):298-306. Available from:
https://linkinghub.elsevier.com/retrieve/pii/$2213260021002770

13. Hill AT, Haworth CS, Aliberti S, Barker A, Blasi F, Boersma W, et al. Pulmonary
exacerbation in adults with bronchiectasis: a consensus definition for clinical research. Eur
Respir J [Internet]. 2017 Jun 1 [cited 2023 Oct 20];49(6):1-6. Available from:
https://erj.ersjournals.com/content/49/6/1700051

14. Wang X, Balafia-Corberd A, Martinez-Llorens J, Qin L, Xia Y, Zha J, et al. Respiratory and
Peripheral Muscle Weakness and Body Composition Abnormalities in Non-Cystic Fibrosis
Bronchiectasis Patients: Gender Differences. Biomedicines [Internet]. 2022 Feb [cited 2023
Sep 27];10(2):1-22. Available from: https://www.mdpi.com/2227-9059/10/2/334

15. Ozalp O. Extrapulmonary features of bronchiectasis: muscle function, exercise
capacity, fatigue, and health status. Multidiscip Respir Med [Internet]. 2012 [cited 2023 Sep
10];7:1-6. Available from: http://www.mrmjournal.com/content/7/1/3

16. Maclntyre NR. Mechanisms of Functional Loss in Patients With Chronic Lung Disease.
Respir CARE [Internet]. 2008 [cited 2023 Oct 3];53(9):1-8. Available from:
https://pubmed.ncbi.nim.nih.gov/18718036/

17. Bradley JM, Wilson JJ, Hayes K, Kent L, McDonough S, Tully MA, et al. Sedentary
behaviour and physical activity in bronchiectasis: a cross-sectional study. BMC Pulm Med
[Internet]. 2015 May 13 [cited 2023 Oct 4];15(1):1-10. Available from:
https://doi.org/10.1186/s12890-015-0046-7

18. José A, Ramos TM, De Castro RAS, De Oliveira CS, De Camargo AA, Athanazio RA, et al.
Reduced Physical Activity With Bronchiectasis. Respir Care [Internet]. 2018 Dec [cited 2023
Oct 4];63(12):1-8. Available from:
http://rc.rcjournal.com/lookup/doi/10.4187/respcare.05771

19. Lacasse Y, Wong E, Guyatt GH, King D, Cook DJ, Goldstein RS. Meta-analysis of
respiratory rehabilitation in chronic obstructive pulmonary disease. The Lancet [Internet].
1996 Oct 26 [cited 2023 Oct 3];348(9035):115-9. Available from:
https://www.thelancet.com/journals/lancet/article/P11S0140-6736(96)04201-8/fulltext

20. Martinez-Garcia MA, Maiz L, Olveira C, Girén RM, De La Rosa D, Blanco M, et al.
Spanish Guidelines on the Evaluation and Diagnosis of Bronchiectasis in Adults. Arch
Bronconeumol Engl Ed [Internet]. 2018 Feb [cited 2023 Oct 5];54(2):79-87. Available from:
https://linkinghub.elsevier.com/retrieve/pii/$157921291730383X

88



21. McShane PJ, Naureckas ET, Tino G, Strek ME. Non—Cystic Fibrosis Bronchiectasis. Am J
Respir Crit Care Med [Internet]. 2013 Sep 15 [cited 2023 Oct 11];188(6):647-56. Available
from: https://www.atsjournals.org/doi/10.1164/rccm.201303-0411Cl

22. Polverino E, Goeminne PC, McDonnell MJ, Aliberti S, Marshall SE, Loebinger MR, et al.
European Respiratory Society guidelines for the management of adult bronchiectasis. Eur
Respir J [Internet]. 2017 Sep 1 [cited 2023 Oct 10];50(3):1-23. Available from:
https://erj.ersjournals.com/content/50/3/1700629

23. European LF. Bronchiectasis. Breathe [Internet]. 2018 Mar [cited 2023 Oct 6];14(1):73-
80. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5831352/

24. Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni S, Davidson J, et al. The
Bronchiectasis Severity Index. An International Derivation and Validation Study. Am J Respir
Crit Care Med [Internet]. 2014 Mar 1 [cited 2023 Oct 6];189(5):576—85. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.201309-15750C

25. Costa JC, Machado JN, Ferreira C, Gama J, Rodrigues C. The Bronchiectasis Severity
Index and FACED score for assessment of the severity of bronchiectasis. Pulmonology
[Internet]. 2018 May [cited 2023 Oct 6];24(3):149-54. Available from:
https://linkinghub.elsevier.com/retrieve/pii/$2173511517301549

26. Ellis HC, Cowman S, Fernandes M, Wilson R, Loebinger MR. Predicting mortality in
bronchiectasis using bronchiectasis severity index and FACED scores: a 19-year cohort
study. Eur Respir J [Internet]. 2016 Feb 1 [cited 2023 Oct 6];47(2):482-9. Available from:
https://erj.ersjournals.com/content/47/2/482

27. Lee AL, Burge AT, Holland AE. Airway clearance techniques for bronchiectasis.
Cochrane Database Syst Rev [Internet]. 2015 [cited 2023 Oct 9];(11):1-50. Available from:
https://www.readcube.com/articles/10.1002%2F14651858.cd008351.pub3

28. Button MB. Structure and Function of the Mucus Clearance System of the Lung. 2023
Oct 9 [cited 2023 Oct 9];(1):1. Available from:
https://perspectivesinmedicine.cshlp.org/content/3/8/a009720

29. Wong C, Sullivan C, Jayaram L. ELTGOL airway clearance in bronchiectasis: laying the
bricks of evidence. Eur Respir J [Internet]. 2018 Jan [cited 2023 Oct 9];51(1):1-3. Available
from: http://erj.ersjournals.com/lookup/doi/10.1183/13993003.02232-2017

30. Kim CS, Rodriguez CR, Eldridge MA, Sackner MA. Criteria for mucus transport in the
airways by two-phase gas-liquid flow mechanism. J Appl Physiol [Internet]. 1986 Mar [cited
2023 Oct 11];60(3):901-7. Available from:
https://journals.physiology.org/doi/abs/10.1152/jappl.1986.60.3.901

31. Van der Schans CP. Bronchial mucus transport. Respir Care [Internet]. 2007 Sep [cited
2023 Oct 9];52(9):1156-8. Available from: https://rc.rcjournal.com/content/52/9/1150

32. Voets PJGM, van Helvoort H a. C. The role of equal pressure points in understanding
pulmonary diseases. Adv Physiol Educ [Internet]. 2013 Sep [cited 2023 Oct 9];37(3):266—7.
Available from: https://journals.physiology.org/doi/full/10.1152/advan.00014.2013

33. Mufioz G, De Gracia J, Buxd M, Alvarez A, Vendrell M. Long-term benefits of airway
clearance in bronchiectasis: a randomised placebo-controlled trial. Eur Respir J [Internet].

89



2018 Jan [cited 2023 Oct 9];51(1):1-10. Available from:
http://erj.ersjournals.com/lookup/doi/10.1183/13993003.01926-2017

34, Guimaraes FS, Lopes AJ, Moco VJR, Souza FC de, Menezes SLS de. Eltgol Acutelly
Improves Airway Clearance and Reduces Static Pulmonary Volumes in Adult Cystic Fibrosis
Patients. J Phys Ther Sci [Internet]. 2014 Jun [cited 2023 Nov 4];26(6):813. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4085198/

35. Crockett A, Cranston JM, Alpers JH, Latiner KM. Mucolytics for bronchiectasis.
Cochrane Database Syst Rev [Internet]. 2001 [cited 2023 Oct 9];(1):1. Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001289/full

36. Gao Y hua, Abo Leyah H, Finch S, Lonergan M, Aliberti S, De Soyza A, et al. Relationship
between Symptoms, Exacerbations, and Treatment Response in Bronchiectasis. Am J Respir
Crit Care Med [Internet]. 2020 Jun 15 [cited 2023 Oct 10];201(12):1499-507. Available
from: https://www.atsjournals.org/doi/10.1164/rccm.201910-19720C

37. Inhaled steroids improve quality of life in patients with steady-state bronchiectasis -
Respiratory Medicine. 2006 [Internet]. [cited 2023 Oct 9];(100):1623-32. Available from:
https://www.resmedjournal.com/article/S0954-6111(05)00525-1/fulltext

38. Martinez-Garcia MA, Aksamit TR, Agusti A. Clinical Fingerprinting: A Way to Address
the Complexity and Heterogeneity of Bronchiectasis in Practice. Am J Respir Crit Care Med
[Internet]. 2020 Jan 1 [cited 2023 Oct 6];201(1):14-9. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.201903-0604PP

39. Chalmers JD, Elborn S, Greene CM. Basic, translational and clinical aspects of
bronchiectasis in adults. Eur Respir Rev [Internet]. 2023 Jun 30 [cited 2023 Oct
10];32(168):1-14. Available from:
http://err.ersjournals.com/lookup/doi/10.1183/16000617.0015-2023

40. Saiman L, Marshall BC, Mayer-Hamblett N, Burns JL, Quittner AL, Cibene DA, et al.
Azithromycin in Patients With Cystic Fibrosis Chronically Infected With Pseudomonas
aeruginosaA Randomized Controlled Trial. JAMA [Internet]. 2003 Oct 1 [cited 2023 Oct
9];290(13):1749-56. Available from: https://doi.org/10.1001/jama.290.13.1749

41. Balfour-Lynn IM, Lees B, Hall P, Phillips G, Khan M, Flather M, et al. Multicenter
Randomized Controlled Trial of Withdrawal of Inhaled Corticosteroids in Cystic Fibrosis. Am
J Respir Crit Care Med [Internet]. 2006 Jun 15 [cited 2023 Oct 9];173(12):1356-62. Available
from: https://www.atsjournals.org/doi/10.1164/rccm.200511-18080C

42, Altenburg J, Wortel K. Non-cystic fibrosis bronchiectasis: clinical presentation,
diagnosis and treatment, illustrated by data from a Dutch Teaching Hospital. Neth ] Med
[Internet]. 2015 [cited 2023 Oct 2];73(4):1-8. Available from:
https://www.njmonline.nl/getpdf.php?id=1561

43, Finklea JD, Khan G, Thomas S, Song J, Myers D, Arroliga AC. Predictors of mortality in
hospitalized patients with acute exacerbation of bronchiectasis. Respir Med [Internet]. 2010
Jun 1 [cited 2023 Oct 9];104(6):816-21. Available from:
https://www.resmedjournal.com/article/S0954-6111(09)00385-0/fulltext

90



44, Vidaillac C, Chotirmall SH. Pseudomonas aeruginosa in bronchiectasis: infection,
inflammation, and therapies. Expert Rev Respir Med [Internet]. 2021 May 4 [cited 2023 Oct
10];15(5):649—62. Available from: https://doi.org/10.1080/17476348.2021.1906225

45, Martinez-Garcia MA, Gracia J de, Relat MV, Girén RM, Carro LM, Carrillo D de la R, et
al. Multidimensional approach to non-cystic fibrosis bronchiectasis: the FACED score. Eur
Respir J [Internet]. 2014 May 1 [cited 2023 Oct 10];43(5):1357-67. Available from:
https://erj.ersjournals.com/content/43/5/1357

46. Bird K, Memon J. Bronchiectasis. StatPearls [Internet]. 2023 [cited 2023 Oct 10];(1):1-
3. Available from: http://www.ncbi.nlm.nih.gov/books/NBK430810/

47. Gale NS, Bolton CE, Duckers JM, Enright S, Cockcroft JR, Shale DJ. Systemic
comorbidities in bronchiectasis. Chron Respir Dis [Internet]. 2012 Nov 1 [cited 2023 Oct
10];9(4):231-8. Available from: https://doi.org/10.1177/1479972312459973

48. Navaratnam V, Millett ERC, Hurst JR, Thomas SL, Smeeth L, Hubbard RB, et al.
Bronchiectasis and the risk of cardiovascular disease: a population-based study. Thorax
[Internet]. 2017 Feb 1 [cited 2023 Oct 20];72(2):161-6. Available from:
https://thorax.bmj.com/content/72/2/161

49, Davies G, Wells AU, Doffman S, Watanabe S, Wilson R. The effect of Pseudomonas
aeruginosa on pulmonary function in patients with bronchiectasis. Eur Respir J [Internet].
2006 Nov 1 [cited 2023 Oct 10];28(5):974-9. Available from:
https://erj.ersjournals.com/content/28/5/974

50. Roman MA, Rossiter HB, Casaburi R. Exercise, ageing and the lung. Eur Respir J
[Internet]. 2016 Nov [cited 2023 Oct 18];48(5):1471-86. Available from:
http://erj.ersjournals.com/lookup/doi/10.1183/13993003.00347-2016

51. Alcaraz-Serrano V, Arbillaga-Etxarri A, Oscanoa P, Fernandez-Barat L, Bueno L, Amaro
R, et al. Exacerbations and Changes in Physical Activity and Sedentary Behaviour in Patients
with Bronchiectasis after 1 Year. J Clin Med [Internet]. 2021 Mar 12 [cited 2023 Oct
18];10(6):1-9. Available from: https://www.mdpi.com/2077-0383/10/6/1190

52. De Camargo AA, Boldorini JC, Holland AE, De Castro RAS, Lanza FDC, Athanazio RA, et
al. Determinants of Peripheral Muscle Strength and Activity in Daily Life in People With
Bronchiectasis. Phys Ther [Internet]. 2018 Mar 1 [cited 2023 Oct 5];98(3):153—61. Available
from: https://academic.oup.com/ptj/article/98/3/153/4718466

53. Pelkonen M, Notkola IL, Lakka T, Tukiainen HO, Kivinen P, Nissinen A. Delaying Decline
in Pulmonary Function with Physical Activity: A 25-Year Follow-up. Am J Respir Crit Care
Med [Internet]. 2003 Aug 15 [cited 2023 Oct 18];168(4):494-9. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.200208-9540C

54, Lee AL, Gordon CS, Osadnik CR. Exercise training for bronchiectasis. Cochrane Airways
Group, editor. Cochrane Database Syst Rev [Internet]. 2021 Apr 2 [cited 2023 Oct
5];2021(4):1-66. Available from: http://doi.wiley.com/10.1002/14651858.CD013110.pub2

55. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, et al. An Official

American Thoracic Society/European Respiratory Society Statement: Key Concepts and
Advances in Pulmonary Rehabilitation. Am J Respir Crit Care Med [Internet]. 2013 Oct 15

91



[cited 2023 Oct 18];188(8):e13—64. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.201309-1634ST

56. Martinez-Garcia MA, Maiz L, Olveira C, Girén RM, De La Rosa D, Blanco M, et al.
Normativa sobre el tratamiento de las bronquiectasias en el adulto. Arch Bronconeumol
[Internet]. 2018 Feb [cited 2023 Oct 18];54(2):88-98. Available from:
https://linkinghub.elsevier.com/retrieve/pii/50300289617302739

57. Hill AT. Bronchiectasis in Adults | British Thoracic Society | Better lung health for all.
Thorax [Internet]. 2019 [cited 2023 Oct 19];74(1):1-80. Available from: https://www.brit-
thoracic.org.uk/quality-improvement/guidelines/bronchiectasis-in-adults/

58. ATS/ERS Statement on Respiratory Muscle Testing. Am J Respir Crit Care Med
[Internet]. 2002 Aug 15 [cited 2023 Oct 15];166(4):518—624. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.166.4.518

59. Zhang H, Hu D, Xu Y, Wu L, Lou L. Effect of pulmonary rehabilitation in patients with
chronic obstructive pulmonary disease: a systematic review and meta-analysis of
randomized controlled trials. Ann Med [Internet]. 2022 Dec 31 [cited 2023 Oct
18];54(1):262-73. Available from: https://doi.org/10.1080/07853890.2021.1999494

60. Gloeckl R, Marinov B, Pitta F. Practical recommendations for exercise training in
patients with COPD. Eur Respir Rev [Internet]. 2013 Jun 1 [cited 2023 Sep 27];22(128):178—
86. Available from: http://err.ersjournals.com/cgi/doi/10.1183/09059180.00000513

61. Nixon PA, Orenstein DM, Kelsey SF, Doershuk CF. The Prognostic Value of Exercise
Testing in Patients with Cystic Fibrosis. N Engl J Med [Internet]. 1992 Dec 17 [cited 2023 Oct
18];327(25):1785-8. Available from:
https://www.nejm.org/doi/10.1056/NEJM199212173272504

62. Bradley JM, Moran FM, Stuart Elborn J. Evidence for physical therapies (airway
clearance and physical training) in cystic fibrosis: An overview of five Cochrane systematic
reviews. Respir Med [Internet]. 2006 Feb [cited 2023 Oct 18];100(2):191-201. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S0954611105005196

63. Radtke T, Smith S, Nevitt SJ, Hebestreit H, Kriemler S. Physical activity and exercise
training in cystic fibrosis. Cochrane Database Syst Rev [Internet]. 2022 [cited 2023 Oct
18];(8):1-7. Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD002768.pub5/full

64. Casaburi R, Porszasz J, Burns MR, Carithers ER, Chang RS, Cooper CB. Physiologic
benefits of exercise training in rehabilitation of patients with severe chronic obstructive
pulmonary disease. Am J Respir Crit Care Med [Internet]. 2012 Dec 20 [cited 2023 Sep
27];155(5):111-6. Available from:
https://www.atsjournals.org/doi/epdf/10.1164/ajrccm.155.5.9154855?role=tab

65. Beauchamp MK, Nonoyama M, Goldstein RS, Hill K, Dolmage TE, Mathur S, et al.
Interval versus continuous training in individuals with chronic obstructive pulmonary
disease- a systematic review. Thorax [Internet]. 2010 Feb 1 [cited 2023 Sep 27];65(2):157—-
64. Available from: https://thorax.bmj.com/content/65/2/157

66. Vogiatzis I, Nanas S, Kastanakis E, Georgiadou O, Papazahou O, Roussos C. Dynamic
hyperinflation and tolerance to interval exercise in patients with advanced COPD. Eur Respir

92



J [Internet]. 2004 Sep 1 [cited 2023 Sep 27];24(3):385-90. Available from:
https://erj.ersjournals.com/content/24/3/385

67. Vogiatzis I, Nanas S, Roussos C. Interval training as an alternative modality to
continuous exercise in patients with COPD. Eur Respir J [Internet]. 2002 Jul;20(1):12-9.
Available from: https://erj.ersjournals.com/content/20/1/12

68. Gloeckl R, Marinov B, Pitta F. Practical recommendations for exercise training in
patients with COPD. Eur Respir Rev [Internet]. 2013 Jun 1 [cited 2023 Sep 27];22(128):178-
86. Available from: http://err.ersjournals.com/cgi/doi/10.1183/09059180.00000513

69. Liu WT, Wang CH, Lin HC, Lin SM, Lee KY, Lo YL, et al. Efficacy of a cell phone-based
exercise programme for COPD. Eur Respir J [Internet]. 2008 Sep 1 [cited 2023 Sep
27];32(3):651-9. Available from: https://erj.ersjournals.com/content/32/3/651

70. Ortega F, Toral J, Cejudo P, Villagomez R, Sanchez H, Castillo J, et al. Comparison of
Effects of Strength and Endurance Training in Patients with Chronic Obstructive Pulmonary
Disease. Am J Respir Crit Care Med [Internet]. 2002 Sep [cited 2023 Sep 27];166(5):669-74.
Available from: https://www.atsjournals.org/doi/10.1164/rccm.2107081

71. Simpson K, Killian K, McCartney N, Stubbing DG, Jones NL. Randomised controlled trial
of weightlifting exercise in patients with chronic airflow limitation. Thorax [Internet]. 1992
Feb 1 [cited 2023 Sep 27];47(2):70-5. Available from:
https://thorax.bmj.com/lookup/doi/10.1136/thx.47.2.70

72. O’Shea SD, Taylor NF, Paratz JD. Progressive Resistance Exercise Improves Muscle
Strength and May Improve Elements of Performance of Daily Activities for People With
COPD: A Systematic Review. CHEST [Internet]. 2009 Nov 1 [cited 2023 Sep 27];136(5):1269—
83. Available from: https://journal.chestnet.org/article/S0012-3692(09)60683-8/abstract

73. Gosselink R, Vos JD, Heuvel SP van den, Segers J, Decramer M, Kwakkel G. Impact of
inspiratory muscle training in patients with COPD: what is the evidence? Eur Respir J
[Internet]. 2011 Feb 1 [cited 2023 Sep 27];37(2):416-25. Available from:
https://erj.ersjournals.com/content/37/2/416

74. Puente-Maestu L, Palange P, Casaburi R, Laveneziana P, Maltais F, Neder JA, et al. Use
of exercise testing in the evaluation of interventional efficacy: an official ERS statement. Eur
Respir J [Internet]. 2016 Feb [cited 2023 Oct 28];47(2):429-60. Available from:
http://erj.ersjournals.com/lookup/doi/10.1183/13993003.00745-2015

75. Stringer W, Marciniuk D. The Role of Cardiopulmonary Exercise Testing (CPET) in
Pulmonary Rehabilitation (PR) of Chronic Obstructive Pulmonary Disease (COPD) Patients. J
Chronic Obstr Pulm Dis [Internet]. 2018 Nov 2 [cited 2023 Oct 28];15(6):621-31. Available
from: https://www.tandfonline.com/doi/full/10.1080/15412555.2018.1550476

76. Rowell LB. Human cardiovascular adjustments to exercise and thermal stress. Physiol
Rev [Internet]. 1974 Jan [cited 2023 Oct 14];54(1):75—-159. Available from:
https://journals.physiology.org/doi/abs/10.1152/physrev.1974.54.1.75

77. Pritchard A, Burns P, Correia J, Jamieson P, Moxon P, Purvis J, et al. ARTP statement on
cardiopulmonary exercise testing 2021. BMJ Open Respir Res [Internet]. 2021 Nov [cited
2023 Oct 15];8(1):1-26. Available from:
https://bmjopenrespres.bmj.com/lookup/doi/10.1136/bmjresp-2021-001121

93



78.

79.

80.

81.

82.

83.

84,

85.

86.

87.

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton D, Urquhart DS, et al. ERS statement
on standardisation of cardiopulmonary exercise testing in chronic lung diseases. Eur Respir
Rev [Internet]. 2019 Dec 31 [cited 2023 Nov 2];28(154):1-25. Available from:
http://err.ersjournals.com/lookup/doi/10.1183/16000617.0101-2018

Montemezzo D, Vieira DSR, Tierra-Criollo CJ, Britto RR, Velloso M, Parreira VF.
Influence of 4 Interfaces in the Assessment of Maximal Respiratory Pressures. Respir Care
[Internet]. 2012 Mar [cited 2023 Oct 15];57(3):392-8. Available from:
http://rc.rcjournal.com/lookup/doi/10.4187/respcare.01078

Quittner AL, O’Donnell AE, Salathe MA, Lewis SA, Li X, Montgomery AB, et al. Quality of
Life Questionnaire-Bronchiectasis: final psychometric analyses and determination of
minimal important difference scores. Thorax [Internet]. 2015 Jan [cited 2023 Oct
19];70(1):12-20. Available from: https://thorax.bmj.com/lookup/doi/10.1136/thoraxjnl-
2014-205918

Finger JD, Tafforeau J, Gisle L, Oja L, Ziese T, Thelen J, et al. Development of the
European Health Interview Survey - Physical Activity Questionnaire (EHIS-PAQ) to monitor
physical activity in the European Union. Arch Public Health [Internet]. 2015 Dec 2 [cited
2023 Oct 19];73(1):1-11. Available from: https://doi.org/10.1186/s13690-015-0110-z

Meh K, Jurak G, Sori¢ M, Rocha P, Sember V. Validity and Reliability of IPAQ-SF and
GPAQ for Assessing Sedentary Behaviour in Adults in the European Union: A Systematic
Review and Meta-Analysis. Int J Environ Res Public Health [Internet]. 2021 Apr 26 [cited
2023 Oct 19];18(9):1-17. Available from: https://www.mdpi.com/1660-4601/18/9/4602

Lollgen H, Leyk D. Exercise Testing in Sports Medicine. Dtsch Arztebl Int [Internet].
2018 Jun [cited 2023 Oct 20];115(24):409-16. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6050434/

Gil Obando LM, Lépez Lépez A, Avila CL. Normal values of the maximal respiratory
pressures in healthy people older than 20 years old in the City of Manizales - Colombia.
Colomb Médica CM [Internet]. [cited 2023 Nov 2];43(2):119-25. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4001942/

Graham BL, Steenbruggen |, Miller MR, Barjaktarevic IZ, Cooper BG, Hall GL, et al.
Standardization of Spirometry 2019 Update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. Am J Respir Crit Care Med [Internet].
2019 Oct 15 [cited 2023 Oct 20];200(8):e70—88. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.201908-1590ST

Nici L, ZuWallack R, Wouters E, Donner CF. On pulmonary rehabilitation and the flight
of the bumblebee: the ATS/ERS Statement on Pulmonary Rehabilitation. Eur Respir J
[Internet]. 2006 Sep 1 [cited 2023 Sep 27];28(3):461-2. Available from:
https://erj.ersjournals.com/content/28/3/461

Kaelin ME, Swank AM, Adams KJ, Barnard KL, Berning JM, Green A. Cardiopulmonary
responses, muscle soreness, and injury during the one repetition maximum assessment in
pulmonary rehabilitation patients. J Cardpulm Rehabil [Internet]. 1999;19(6):366—72.
Available from:
https://journals.lww.com/jcrjournal/fulltext/1999/11000/cardiopulmonary_responses, _mu
scle_soreness, and.8.aspx

94



88. Jones HN, Crisp KD, Moss T, Strollo K, Robey R, Sank J, et al. Effects of respiratory
muscle training (RMT) in children with infantile-onset Pompe disease and respiratory
muscle weakness. J Pediatr Rehabil Med [Internet]. 2014 Jan 1 [cited 2023 Nov 6];7(3):255—
65. Available from: https://content.iospress.com/articles/journal-of-pediatric-
rehabilitation-medicine/prm00294

89. Burtin C, Hebestreit H. Rehabilitation in Patients with Chronic Respiratory Disease
Other than Chronic Obstructive Pulmonary Disease: Exercise and Physical Activity
Interventions in Cystic Fibrosis and Non-Cystic Fibrosis Bronchiectasis. Respiration
[Internet]. 2015 [cited 2023 Oct 5];89(3):181-9. Available from:
https://www.karger.com/Article/FullText/375170

90. Katharina R. Risks associated with exercise testing and sports participation in cystic
fibrosis - ScienceDirect. [cited 2023 Oct 24];9(5):339—45. Available from:
https://www.sciencedirect.com/science/article/pii/$1569199310000718?via%3Dihub

91. Ruf K, Hebestreit H. Exercise-induced hypoxemia and cardiac arrhythmia in cystic
fibrosis. J Cyst Fibros Off J Eur Cyst Fibros Soc [Internet]. 2009 Mar;8(2):83—90. Available
from: https://www.cysticfibrosisjournal.com/article/S1569-1993(08)00143-4/fulltext

92. ATS/ACCP Statement on Cardiopulmonary Exercise Testing. Am J Respir Crit Care Med
[Internet]. 2003 Jan 15 [cited 2023 Sep 27];167(2):211-77. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.167.2.211

93. Gloeckl R, Marinov B, Pitta F. Practical recommendations for exercise training in

patients with COPD. Eur Respir Rev [Internet]. 2013 Jun 1 [cited 2023 Oct 12];22(128):178—-
86. Available from: http://err.ersjournals.com/cgi/doi/10.1183/09059180.00000513

95



14. ANNEXES

15.1. ANNEX 1: BSI score

Age

<50 years (0 points)
50-60 years (2 points
70-70 years (4 points)
>80 years (6 points)

POINTS:

Body Mass Index (BMI)

e >18.5(0 points)
e <18.5(2 points)

POINTS:

FEV1% predicted

e >80% (0 points)

e 50-80% (1 point)
e 30-49% (2 points)
e <30% (3 points)

POINTS:

Hospital admission in the preceding 2 years

e No (0 points)
e Yes (5 points)

POINTS:

Exacerbations in the previous year

e 0-2(0 points)
e >3(2 points)

POINTS:

Medical Research Council Dyspnoea Scale
(MRC)

e 1-3(0 points)
e 4 (2 points)
e 5(3 points)

POINTS:

Pseudomonas Aeruginosa colonization

e No (0 points)
e Yes (3 points)

POINTS:

Colonization with other microorganisms

e No (0 points)
e Yes (1 point)

POINTS:
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Radiological extension (> involved loves or
cystic bronchiectasis)

No (0 points)
Yes (1 point)

POINTS:

TOTAL POINTS:
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15.2. ANNEX 2: Modified Medical Research Council score (mMRC)

DESCRIPTION

| only get breathless with strenuous exercise
| get short of breath when hurrying on level
ground or walking up a slight hill

On level ground, | walk slower than people
of my age because of breathlessness, or |
have to stop for breath when walking at my
own pace on the level

| stop for breath after walking about 100
meters or after a few minutes on level
ground

| am too breathless to leave the house or |

am breathless when dressing/undressing

GRADE
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15.3. ANNEX 3: International Physical Activity Questionnaire —Short Form

(IPAQ-SF)

During the last 7 days, on how many days
did you do vigorous physical activities like
heavy lifting, digging, aerobics, or fast
bicycling?

How much time did you usually spend
doing vigorous physical activities on one of

those days?

Think about all the moderate activities that
you did in the last 7 days. Moderate
activities refer to activities that take
moderate physical effort and make you
breathe somewhat harder than normal.
Think only about those physical activities
that you did for at least 10 minutes at a
time.

During the last 7 days, on how many days
did you do moderate physical activities like
carrying light loads, bicycling at a regular
pace, or doubles tennis? Do not include
walking.

How much time did you usually spend
doing moderate physical activities on one
of those days?

Think about the time you spent walking in
the last 7 days. This includes at work and at
home, walking to travel from place to place,
and any other walking that you have done
solely for recreation, sport, exercise, or

leisure

a) days per week
b) No vigorous physical activities Skip

to question 3

a) hours per day

b) minutes per day

c) Don’t know/Not sure
a) days per week

b) No moderate physical activities Skip

to question 5

a) hours per day
b) minutes per day
c) Don’t know/Not sure
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During the last 7 days, on how many days
did you walk for at least 10 minutes at a
time?

How much time did you usually spend

walking on one of those days?

During the last 7 days, how much time did
you spend sitting on a week day?

Include time spent at work, at home, while
doing course work and during leisure time.
This may include time spent sitting at a
desk, visiting friends, reading, or sitting or

lying down to watch television

a)

b)

c)

days per week

No walking  Skip to question 7

____ hours per day
_______minutes per day
_______ Don’t know/Not sure
____ hours per day
_______minutes per day

Don’t know/Not sure
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15.4. ANNEX 4: The Quality of Life-Bronchiectasis questionnaire

During the last 7 days, to what extent have you had difficulty with:

SEVERE MODERATE
DIFFICULTY DIFICULTY
1. To perform effort
activities, for example
garden activities or
physical activities
2. To walk at the same
pace as other people

3. To transport heavy
objects such as books or
shopping bags

4. To climb stairs

During the last 7 days, indicate how often:
ALWAYS OFTEN
5. You have felt good

6. You have felt tired

7. You have felt restless

8. You have felt energized
9. You have felt exhausted
10. You have felt sad

11. You have felt depressive

Are you currently under bronchiectasis treatment?

ABSOLUTELY ALITTLE
NOTHING
12. In which extent do
bronchiectasis
treatments your daily
life more difficult?
13. Currently, how much
time do you daily spend
in bronchiectasis
treatments?
14. How much does it cost
to reconcile your daily

LOW
DIFFICULTY

SOMETIMES

YES
(Continue)

NONE
DIFICULTY

NEVER

NO
(Goto
question 15)

MODERATELY @ ALOT
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life with bronchiectasis
treatment?
EXCELENT GOOD REGULAR BAD
15. Which one do you think
is your present health
status?
Taking into consideration your health status in the last 7 days, indicate in which extent the
following affirmations are true to you
TOTALLY IN PART A LITTLE NOTHING
16. | have to limit effort
activities such as walking
or physical activities
17. | have to stay at home
more than | would like

18. | worry about expose
myself to other ill people

19. It is difficult for me to
intimate with my
partner (kiss, hugs)

20. | live a normal life

21. | am worried that my
health status will worsen

22. | think my cough bothers
others

23. |l usually feel alone

24. | feel healthy

25. It is difficult for me to
plan future planes
(holidays, reunions,...)

26. | feel embarrassed when
| cough

| DON'THAD | MANAGED | DELAYED | COULDN'T
ANY TO KEEP DOING THESE = DO THESE
PROBLEM WITH THEM  ACTIVITIES ACTIVITIES
WITH A
LITTLE
DIFICCULTY
27. In the last 7 days, in
which extent you had
problems to keep with
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your job work, home
chores or other daily?
ALWAYS OFTEN

28. How often do

bronchiectasis condition

interfere in achieving

your home, job, family

and personal goals?
In which frequency during the last 7 days:

29. Have you felt breathless
when doing a greater
effort activity such as
garden activities or
chores?

30. Have you experienced
lung sound such as
wheezled?

31. have you felt chest pain?

32. Have you felt breathless
when talking?

33. Have you waken up in
the night because of
cough?

Indicate how have you felt during the last 7 days
A LOT MODERALELY

34. Have you felt congestion
in the chest?

35. Have you cough during
the day?

36. Have you expulsed
mucus when coughing?

SOMETIMES

A LITTLE

NEVER

ABSOLUTELY

NOTHING
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15.5. ANNEX 5: Modified Borg Scale

SCORE LEVEL OF DYSPNOEA
0 NONE

ﬁ

MILD
MODERATE
INTENSE

5
o
[
ER

Benefits of Exercise Training in Bronchiectasis
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15.6. ANNEX 6: Patient’s informative sheet (Catalan Version)

FULL D’INFORMACIO AL PACIENT

Nom de I'estudi: Benefits of Exercise training in Bronchiectasis
Centre coordinador: Hospital Universitari Doctor Josep Trueta (HUJT)
Investigador/a principal: Dra Montserrat Vendrell i Dr Gerard Mufioz

Benvolgut/da Sr/Sra:

Agquest és un full informatiu sobre els aspectes més rellevants de I’estudi al qual ha sigut
convidat a participar. Es important que llegeixi amb atencid i pregunti qualsevol dubte
que li pugui sorgir.

DESCRIPCIO | OBJECTIUS DE L’ESTUDI

Definicié

Les bronquiéctasis sén una malaltia cronica de la via aéria que poden apareixen com a
conseqliencia de moltes causes diferents. Es caracteritzen per provocar una dilatacié dels
bronquis permanent (augmenta el seu diametre) que predisposa a patir infeccions

bronquials amb augment de la produccié i acumulacié de moc. Finalment s’acaba
produint una inflamacié excessiva que malmet les parets dels bronquis.

Simptomes

Entre els simptomes més freqlients trobem la dispnea (falta d’aire), la tos productivai la
expectoracid de moc. Altres simptomes que poden apareixer sén la limitacid de I'activitat
fisica com augment de la fatiga al practicar esport o debilitat muscular. Per tot, suposa
una malaltia amb gran limitacié per a la realitzacid de les activitats de la vida diaria.

Tractament

Actualment el tractament no és curatiu, siné que es basa en controlar els simptomes i
evitar la progressio de la malaltia. Els tractaments tenen com a objectiu reduir els efectes
de la propia malaltia com I'acumulacié de moc, mitjangant tecniques de drenatge de les
secrecions, aixi com la infeccid o la inflamacié, amb farmacs dirigits a reduir-les. No
obstant, avui en dia encara no disposem de tractaments efectius per a la reduccié dels
simptomes relacionats amb I’activitat fisica, ja que la recerca que s’ha realitzat fins a dia
d’avui és escassa.

Objectius

El nostre objectiu principal és determinar quin és |'efecte de seguir un programa de re-
entrenament a I'esforg en el subgrup de pacients amb bronquiectasis amb més limitacio
a l’esfor¢. Volem demostrar que introduir programes de rehabilitacié fisica pot millorar la
capacitat fisica i com a resultat, la qualitat de vida relacionada amb la salut.
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A més, també valorarem l'efecte de |'exercici fisic sobre la capacitat pulmonar, la
sensacio de dispnea, la qualitat de vida, la forca dels musculs respiratoris i el nombre
d’aguditzacions.

COM HO FAREM?

Els pacients seleccionats que compleixin amb les caracteristiques que demanem per
formar part de I'estudi es distribuiran de forma aleatoria en dos grups equitatius:

- GRUP A: Rebra les sessions d’exercici fisic
- GRUP B: No rebra les sessions d’exercici fisic

D’aquesta manera podrem comprovar els efectes de I'exercici fisic mitjangant Ia
comparacio dels dos grups.

Mesures generals

Els dos grups seguiran rebent el tractament estandard durant tota la intervencié i a més,
els dos realitzaran técniques de drenatge de secrecions autogen des de casa (técnica
ELTGOL), que consisteix en exercicis respiratoris per afavorir la sortida de moc de la via
aeria.

Abans de comengar, tots els participants rebran sessions dirigides per la bona realitzacid
dels exercicis de drenatge de secrecions i consells dietétiques i nutricionals aixi com
maneig basic de la propia malaltia.

Les mesures dels parametres que ens interessa coneixer s’efectuaran durant la setmana
abans de l'inici de la intervencid i la setmana després del final de la intervencid. Aixi
doncs, tots els participants seran cridats a assistir al gimnas de I’'Hospital Santa Caterina
i al departament de pneumologia de I'Hospital Josep Trueta 2 cops durant tot I'estudi.

Pel que fa a la intervencio

La intervencié NOMES sera realitzada per aquells participants que de forma aleatoria
hagin sigut assignats al grup d’intervencio

La intervencio es dura a terme al gimnas de I'Hospital Santa Caterina (Salt) i consistira en
3 sessions d’aproximadament 1h, 3 dies a la setmana durant 8 setmanes. L’horari sera de
4 a 8 de la tarda i cada pacient haura d’assistir a la franja que li pertoqui (en cas que
alguna persona tingui predisposicio per una hora concreta s’haura d’informar a I'equip
coordinador).

Durant cada sessio es practicaran els seglients exercicis

- Ergometria (bicicleta estatica): sera un exercici de 15-30 al 80% de I’esfor¢ maxim.
- Entrenament de la forca muscular: sera un exercici amb peses per entrenar diferents

grups musculars (biceps, triceps, dorsal, deltoides, pectoral i quadriceps)
- Entrenament dels musculs inspiratoris: mitjancant un aparell que s’entregara a l'inici
de la intervencié.
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POSSIBLES RISCOS

Els possibles riscos que poden sorgir estan relacionats amb la practica de I'exercici fisic

durant la intervencid i/o el mesurament dels parametres d’interés. Engloben els seglients

efectes adversos:

Broncoconstriccid: espasme / contraccié de la via aéria que pot arribar a ocloure-
la.

Hipoxémia: disminucié de la quantitat d’oxigen que circula a la sang.
Pneumotorax: fuga d’aire a I'espai entre els pulmons i la paret toracica.
Hemoptisis: emissid de sang del tracte respiratori per la boca.

Aritmies cardiaques

Fractures i/o esquingos

Alteracions hidroelectrolitiques

Lesions de la melsa

Aneurismes: protuberancia o abombament anormal dels vasos sanguinis.

Per tal de minimitzar els riscos associats a la intervencié es prendran les segilients mesures

de seguretat:

Es realitzaran tests pre-entrenament per assegurar que cada pacient realitza I'exercici
en el grau d’intensitat que pot assolir.

S’excloura qualsevol tipus de malaltia o alteracié cardio-vascular abans d’iniciar la
intervencid

Abans de cada sessid es fara una revisié de les contra-indicacions de cada prova.
Totes les sessions seran supervisades per fisioterapeutes entrenats per a identificar i
tractar correctament les complicacions que puguin sorgir.

Durant el mesurament de variables els pacients seran monitoritzats.

Es suplementara oxigen a aquells pacients que ho necessitin durant la I'exercici fisic
Tots els pacients continuaran amb la seva medicacié habitual.

L'equipament sera comprovat de complir amb els estandards de seguretat

Davant una aguditzacidé i/o hospitalitzacié el pacient haura d’aturar la seva
participacio a I'estudi.

BENEFICIS

Tot i que tenim poca evidencia dels efectes de I'exercici fisic en pacients amb

bronquiectasis, en altres malalties com I'MPOC o la fibrosi quistica aquest aspecte de la

malaltia ha sigut ampliament estudiat. Les terapies de rehabilitacié a I’esfor¢ han demostrat

ser beneficioses en la reduccié de la dispnea i la fatiga, millora de la tolerancia a I'exercici i

de la qualitat de vida.

Actualment, la terapia de re-entrenament a I'esfor¢ en aquestes malalties apareix en les

guies de practica clinica oficials.
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CONFIDENCIALITAT

Totes les dades recollides seran emmagatzemades a una base de dades sota un numero
d’identificacié confidencial per garantir 'anonimat de tots els pacients.

La gestid i analisi de les mateixes es realitzara tal com s’estipula a la normativa espanyola i
europea: “Reglamento (UE) 2016/679 del Parlamento Europeo y del Consejo Europeo, de 27
de abril de 2016, relativo a la proteccion de personas fisicas en lo que respecta al tratamiento
de datos personales y a la libre circulacion de estos datos”; “Ley orgdnica 3/2018, de 5 de
diciembre, de Proteccion de Datos Personales y garantia de los derechos digitales”

Només els investigadors que composen I'equip d’estudi juntament amb el comité d’Etica
d’investigacio amb Medicaments de I'Hospital Josep Trueta (CEIm). Els participants tindran
dret a revisar la informacié recollida sobre ells i aixi com de rebre una copia d’aquesta.

DIFUSIO DE RESULTATS

El protocol sera registrat al Registre Espanyol d’Assaigs clinics abans del seu inici. Un cop
finalitzat I'estudi els resultats i conclusions es publicaran a diverses revistes cientifiques
d’interes. També sera presentat al congres que organitza la Societat Espanyola de
Pneumologia i Cirurgia Toracica (SEPAR).

Totes les dades seran publicades de forma anonima i cap informacid referent a la seva
identitat sera exposada.

PARTICIPACIO

La participacid a aquest estudi és totalment voluntaria i pot revocar la seva decisié en
gualsevol moment del curs sense cap prejudici ni detriment.

Les seglients situacions I'exempten de seguir amb la participacié: exacerbacié i/o
hospitalitzacio durant el periode de intervencio, efectes secundaris severs.

La participacido no implica cap compensacié economica ni per part dels participants ni per
part de I'equip de recerca.

S’assegura el compliment dels estaments d’etica en investigacid aixi com el compliment de
dret dels pacients. Tots els participants tenen dret a rebre informacié detallada de tots els
processos i a satisfer tots els dubtes que puguin sorgir.

Per assegurar la voluntat dels participants i confirmar que han compres la informacié rebuda
a través d’aquest full, els pacients hauran de firmar un full de consentiment informat on es
compromet a assistir al 80% de les sessions i a totes les cites de mesures de parametres.
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ASSEGURADORA

Com que es tracta d’un estudi de baix nivell de intervencid, qualsevol prejudici sobre la seva
salut derivat de la intervencidé sera cobert per I'asseguranca del nostre centre sobre
responsabilitat civil. Aixi doncs davant de qualsevol dany causat sera adequadament tractat
i recompensat economicament.

Aixi ho empara la normativa europea i la legislacié espanyola actual.

CONTACTE

Davant qualsevol dubte o inconvenient que pugui sorgir abans, durant i després de I'estudi
podra posar-se en contacte amb el segiient numero de teléfon que ofereix servei gratuit i
les 24h del dia:

Durant el periode posterior a la intervencié també haura de comunicar qualsevol simptoma
d’aguditzacié al numero anterior.

Li recomanem que guardi el full per si el vol consultar més endavant.
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15.7. ANNEX 7: Informed Consent (Catalan Version)

DOCUMENT DE CONSENTIMENT INFORMAT

Jo, (nom i cognoms), amb document d’identificacié

personal (DNI/ NIE), declaro que:

= Hellegiti he comprés correctament tota la informacié que apareix al Full d’Informacid al
Pacient.

= He rebut tota la informacié necessaria.

= He pogut exposar i satisfer qualsevol dubte.

= He disposat del temps necessari per a prendre una decisid.

= Entencels possibles riscos associats a I’estudi aixi com els beneficis que en poden
derivar.

= No he ocultat cap informacid essencial clinica o personal que puguin ser rellevants per la
correcta efectuacid de I'estudi.

= Comprenc que la meva participacié és totalment voluntaria.

= Comprenc que no seré compensat economicament per la meva participacio.

=  Comprenc que la realitzacié de I'estudi no resultara en beneficis economics per I'equip
investigador.

=  Comprenc que les meves dades personals i mediques seran confidencials i utilitzats
exclusivament amb finalitats d’investigacid.

= Entenc que puc revocar aquest document en qualsevol moment i sota qualsevol
circumstancia sense rebre prejudicis ni detriments.

En conseqiiéncia:

= Dono lliurement el meu consentiment per la participacio del present assaig clinic i
autoritzo I'Gs de les meves dades per al seu analisi, en el present estudi i futures
investigacions.

= Em comprometo a assistir al 80% de les sessions de rehabilitacid i a totes les cites
concertades per I'equip investigador

= Em comprometo a comunicar qualsevol signe / simptoma dOaguditzacié en 'any
posterior a la realitzacié de la intervencio.

=  Accepto que I'equip investigador em pugui contactar en el futur si es necessari

Signatura del pacient Signatura de I'Investigador responsable

[ ] AccepTO
[ ] NOACCEPTO

Lloci data: , de de l'any




15.8. ANNEX 8: Case report form

FULL DE RECOLLIDA DE DADES SOBRE CO-VARIABLES

Nom de I'estudi: Benefits of Exercise training in Bronchiectasis
Centre coordinador: Hospital Universitari Doctor Josep Trueta (HUJT)
Investigador/a principal: Dra Montserrat Vendrell i Dr Gerard Mufioz

Codi d’identificacio del/la pacient:

Lloc i data: , de de I'any
1. DATA DE NAIXAMENT (dia/mes/any): / /
2. EDAT (anys):
3. SEXE BIOLOGIC: Femeni Masculi
4. [NDEX DE MASSA CORPORAL (IMC= kg/m2): Pes kg; Alcada cm

a. Baixpes:IMC<18.5
b. Pesnormal:IMC 18.5-24.9
c. Sobrepes: IMC 25-29.9
d. Obesitat: IMC 230
5. ETIOLOGIA DE LES BRONQUIECTASIS:

6. [NDEX BSI: punts

a. Lleu (0-2 punts)

b. Moderat (3-4 punts)

c. Sever (5-7 punts)
7. COLONITZACIO DE PSEUDOMONA:SI__ NO____
8. SATURACIO D’OXIGEN PERIFERICA: %

9. IPAQ-SF (Sedentarisme): MET-minuts / setmana

10. COMORBIDITATS
a. Cardiovasculars:

Quines:

b. Respiratories:

Quines:

c. Cerebro-vasculars:

Quines:
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b. Neoplasies:

Quines:

c. Altres:

vi.

11. MEDICACIO HABITUAL :
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