
© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5289-5298 | http://dx.doi.org/10.21037/apm-21-378

Original Article

Effect of interval training with non-invasive ventilation in severe 
chronic obstructive pulmonary disease—a prospective cohort 
study with matched control group

Monika Fekete1, Maria Kerti2, Vince Fazekas-Pongor1, Peter Balazs1, Zoltán Csizmadia2,  
Anna N. Nemeth1, Stefano Tarantini3, Janos T. Varga2,4

1Department of Public Health, Semmelweis University, Faculty of Medicine, Budapest, Hungary; 2Koranyi Institute for Pulmonology, Budapest, 

Hungary; 3Department of Biochemistry and Molecular Biology, University of Oklahoma Health Sciences Center, Oklahoma City, OK, USA; 
4Department of Pulmonology, Semmelweis University, Budapest, Hungary

Contributions: (I) Conception and design: JT Varga, M Kerti; (II) Administrative support: AN Nemeth, S Tarantini; (III) Provision of study materials 

or patients: Z Csizmadia, M Fekete; (IV) Collection and assembly of data: M Kerti, JT Varga; (V) Data analysis and interpretation: V Fazekas-

Pongor, P Balazs; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Janos T. Varga. Department of Pulmonology, Semmelweis University, Budapest, Hungary. Email: janosvargaster@gmail.com.

Background: In severe chronic obstructive pulmonary disease (COPD), interval training (IT) can be 
performed with oxygen support, which provides beneficial effect on metabolic processes, tissue perfusion, 
and peripheral muscle function. 
Methods: A prospective cohort study with matched controls was performed on patients in Budapest at 
the Department of Pulmonary Rehabilitation of the National Koranyi Institute of Pulmonology between 
January 1, 2020 and March 1, 2020. After a complex condition assessment, both case and control patients 
participated in a 3-week long complex pulmonary rehabilitation (PR) program that included individual 
training, education, nutrition, and psychological counseling. Anthropometric and functional data of patients 
were recorded at both the beginning and end of the PR program. Our research aimed to assess the effect of 
non-invasive ventilation (NIV) in patients with severe COPD who underwent IT.
Results: A total of 18 [male/female: 10 (55.6%)/8 (44.4%)] patients were enrolled in our study. IT with 
NIV significantly improved the patients’ 6-minute walking distance (6MWD) (m) [216.0 (211.5–233.7) 
vs. 274.0 (247.5–313.5); P<0.001] and quality of life [COPD Assessment Test (CAT): 29.0 (26.9–32.0) vs. 
15.0 (13.5–17.5); P<0.001], [modified Medical Research Council (mMRC): 2.0 (1.5–2.0) vs. 1.0 (1.0–2.0); 
P=0.009]; in addition, there was a significant increase in inspiratory vital capacity (IVC) (ref%) [65.0 (63.0–
69.0) vs. 74.7 (70.5–75.0); P=0.015], in chest kinematics (cm) [3.0 (2.5–4.0) vs. 5.5 (4.0–6.5); P<0.001], work 
rate (Watt) [25.0 (24.0–27.0) vs. 36.0 (35.0–38.0); P<0.001], volume of oxygen consumption [VO2/kg (mL/
kg/min): 8.8 (8.5–9.2) vs. 10.3 (10.2–10.7); P<0.001], and Body-mass index, airflow Obstruction, Dyspnea, 
and Exercise (BODE) index [5.0 (5.0–6.7) vs. 4.0 (3.0–5.0); P=0.006], while the results of the control group 
were non-significant [6MWD, maximal inspiratory pressure (MIP), CAT, mMRC, BODE index]. 
Conclusions: In severe COPD, IT with NIV is well tolerated during PR, it has a significant beneficial 
effect on the quality of life, improves exercise capacity and respiratory functions, decreases dynamic 
hyperinflation and dyspnea.
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Introduction

Chronic obstructive pulmonary disease (COPD) is 
a preventable and treatable population-wide disease 
characterized by persistent, and generally progressive, 
bronchial obstruction (1). Increased airway flow resistance 
of the lungs is a consequence of inhalation tissue-
damaging gases and particles, which is most obvious in 
the pathologically increased inflammatory response to 
tobacco smoking (2). Poor exercise capacity is one of the 
main symptoms of COPD (3), which significantly impairs 
the patients’ quality of life. This is largely due to dynamic 
pulmonary hyperinflation (DH) caused by respiratory 
dysfunction (4). Due to dynamic hyperinflation—which 
correlates with the degree of obstruction and the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
stage of the disease—the respiratory mechanics, chest 
kinematics, and the normal pathway of the diaphragm are 
altered (5), and they result in end-expiratory lung volume, 
residual volume increase (6), narrowed ventilation, and 
increased dyspnea (7-9).

Pulmonary rehabilitation (PR) is the standard treatment 
for COPD, which increases physical activity more than 
any other form of therapy (10). Duration of the inpatient 
respiratory rehabilitation program is approximately three 
weeks. A wide range of procedures is available to improve 
respiratory dysfunction and respiratory mechanics, which 
reduce chest hyperinflation, increase respiratory endurance, 
and improve bone-articular rib basket movements (5-10). 
The physiological benefit is primarily determined by the 
intensity of training during rehabilitation (11); however, 
the vast majority of people with severe COPD, partly 
due to muscle weakness and limited ventilation, tolerated 
poorly the high intensity training (12). Endurance training 
– in its continuous and interval forms—improves tissue 
blood supply and perfusion, have a beneficial effect on 
peripheral muscle function (13), and can be performed 
in severe COPD with oxygen support, because it has 
a beneficial effect on metabolic processes (14). During 
interval training (IT), one minute of cycling (on a gym 
bike) is followed by one minute of rest 2–3 times a day 
for 15–20 minutes in individualised form supervised by a 
physiotherapist. Intensity of the training can be monitored 
by oxygen saturation and heart rate measurements at 
the beginning and end of the training (15). IT has been 
shown to improve patients’ cardiovascular status, and its 
application is as effective as continuous training, providing 
equivalent physiological training effects (10). However, it 

is important to emphasize that in severe COPD exercise 
regimes should be performed with oxygen support, if 
necessary (16). Non-invasive ventilation (NIV) is a form 
of positive pressure ventilation without endotracheal 
tube, by using non-invasive devices (e.g., nasal mask, 
face mask). The concept of two-phase positive airway 
pressure ventilation [biphasic airway pressure (BIPAP)] 
means that breathing cycles take place between two 
different continuous pressure levels, thus provide a kind of 
controlled ventilation; however, the patient’s spontaneous 
breathing initiatives are accepted at both pressure levels, 
and can be assisted with additional pressure support (17). 
The effect of non‑invasive mechanical respiration support 
has been extensively studied in acute COPD exacerbations 
(see randomized controlled trials), and it was demonstrated 
that non‑invasive mechanical ventilation significantly 
reduced respiratory acidosis, respiratory rate, dyspnea, 
duration of hospitalization, and mortality, improved quality 
of life, and avoided intubation (Evidence A) (18-21).

IT in severe COPD indicated a more favorable effect in 
physiological variables over continuous training—improving 
exercise capacity, reducing dyspnea—and better outcomes 
were observed with NIV, despite the theoretical value of 
NIV during training, there is little high-quality evidence to 
support its use. The combination of home NIV and exercise 
has been shown to improve blood gases and 6-minute 
walking distance (6MWD) to a greater extent than either 
intervention alone, and when performed in complex PR, 
the effects were even more significant (22,23). The aim of 
our present study was to examine whether patients’ exercise 
capacity, respiratory function, thoracic bypass, quality of 
life, and dynamic hyperinflation (inferred from inspiratory 
capacity) could be reduced by IT with NIV in severe COPD.

We present the following article in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting checklist (available at 
http://dx.doi.org/10.21037/apm-21-378). 

Methods

Study design and target population

We performed a prospective cohort study with matched 
control group involving COPD patients at the National 
Koranyi Institute for Pulmonology between January 1, 2020 
and March 1, 2020. Inclusion criteria were age (≥40 years) 
and concurrent diagnosis of COPD [post-bronchodilation 
forced expiratory volume in the first second/forced vital 
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capacity (FEV1/FVC) <70%] (24), patients with severe, 
but stable COPD were admitted to the PR ward, degree 
of obstruction ranged from severe (FEV1: 30–50%) to 
very severe (FEV1 <30%) based on the percentage of 
FEV1. Exclusion criteria were acute exacerbation, severely 
symptomatic heart disease, chronic oxygen therapy (resting 
oxygen saturation less than 89 percent), and orthopedic or 
joint disease limiting exercise capacity. The members of 
the control group were also selected (computer-generated 
list) from the patients at the Department of Pulmonary 
Rehabilitation, National Koranyi Institute of Pulmonology, 
Budapest, Hungary from the available database (89 
patients; between January 1, 2020 and March 1, 2020) and 
matched the case group by age, gender, body mass index 
(BMI), respiratory function, admission diagnosis, and 
comorbidities. All our patients were given oral and written 
information on the study, and they signed a statement of 
informed consent. The participation was voluntary. The 
study protocol was approved by the Ethical Committee 
of the National Koranyi Institute for Pulmonology with 
the registration number 25/2017 and it complies with the 
Helsinki Declaration (as revised in 2013). The study was 
registered with ISRCTN13019180 registration number at 
the ISRCTN registry. Patients were given oral and written 
information prior to the assessment, and then they signed a 
statement of consent.

Complex PR 

After a complex physiological assessment in the hospital’s 
PR ward, both case and control patients participated in a 
3-week long complex PR program that included individual 
training (case group with oxygen support), education, 
nutrition, and psychological counseling. The complex 
PR took place under the guidance of a pulmonologist, 
and in addition, physiotherapists, psychologists, dietitians 
and respiratory nurses were also involved in the complex 
program. Measurements were performed in the case 
and control group by a physiotherapist under specialist 
supervision before and after rehabilitation. When designing 
the study, we wanted to achieve a larger number of exposed 
patients, however, we had to stop the research due to the 
coronavirus epidemic. The workout included a 30-minute 
group exercise session (controlled breathing technique, chest 
mobility-enhancing and muscle-strengthening exercises) 
2–3 times a day and individual training (on a gym bike 
and treadmill and with an arm ergometer), comorbidities 
and current condition were taken into account. Training 

was followed in both groups by detailed patient education, 
which included teaching optimal drug treatment, dietary 
counseling, and mastering and maintaining adaptive 
behavioral and lifestyle patterns. Different anthropometric 
and functional data of the patients were recorded both at 
the beginning and at the end of the complex PR program 
(respiratory function parameters, physical performance, and 
quality of life). The program was considered successful if 
patients completed at least 75 percent of the sessions.

Assessment of physiological parameters and measurements

IT
The individual IT sessions were done on a gym bike in a 
dynamic form, under physiotherapist’s supervision. The 
training was performed with oxygen support, to positively 
support metabolic processes, while the control group trained 
without oxygen support. At the beginning and at the end of 
the training, its intensity was monitored by oxygen saturation 
and heart rate measurement. Our goal was to increase the 
workload as much as possible, thus consulting physicians, we 
increased the time of training, workload, or both. 

Examination of respiratory function 
All patients underwent a baseline respiratory function 
test according to American Thoracic Society/European 
Respiratory Society (ATS/ERS) standard criteria, followed 
by a post-bronchodilation test (Vmax 229 and Autobox 6200, 
Sensormedics, Yorba Linda, CA, USA). Bronchodilation 
was  a ch ieved  by  inha l a t ion  o f  400  mic rograms 
salbutamol (Ventolin), in accordance with international 
recommendations (25). Dynamic lung volumes were defined 
as the amount of air expelled in the first second [FEV1 (ref%)], 
vital capacity [FVC (ref%)], the degree of airway obstruction 
(FEV1/FVC), inspiratory capacity in liters and percent [IVC 
(L), IVC (ref%)], with GLI-defined (Global Lung Function 
Initiative) normal spirometry (z-score) (26).

Cardio-pulmonary exercise test
Before exercise, the patients underwent a brief physical 
examination, measurement of vital parameters (pulse, blood 
pressure, respiratory rate, pulse oximetry, body weight 
and height) and respiratory function test. An electrically 
braked bicycle ergometer (Ergoline-900, Marquette) was 
set to produce a continuously increased power load. The 
work rate (WR) was chosen not to exceed the submaximal 
heart rate. Alternatively, if a spiroergometric examination 
was performed in advance, we aimed at 80 percent of 
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the maximum power achieved. Without a preliminary 
spiroergometric test, the submaximal heart rate was 
determined as follows: (220− age) ×0.6−0.8/min. During the 
six-minute walk test (6MWT), patients were asked to walk 
down the aisle for 6 minutes and the maximum walking 
distance was recorded (27). 

Initial setting of bi-level positive airway pressure 
(BIPAP) parameters
The NIV was performed during interval loading through a 
face mask in a pressure-controlled mode with the following 
parameters: FiO2 (fraction of inspired oxygen): 100%; IPAP 
(inspiratory positive airway pressure): 12 H2Ocm; EPAP 
(expiratory positive airway pressure): 8 H2Ocm; trigger:  
2 L/min; PS (pressure support):  8 H2Ocm; Tinsp 
(inspiratory time): 0.8 s. 

Quality of life examination
We used the COPD Assessment Test (CAT) as a quality 
of life measurement. The patients responded to eight 
questions, scoring the symptoms from 0 to 5, where 0 
indicates healthy condition, while 5 points indicate severe 
symptoms. Cough, the amount of sputum, hyperinflation, 
the load-bearing capacity when climbing stairs, and the level 
of energy were evaluated subjectively, as well as whether the 
patients dare to leave home, or whether their illness affects 
their sleep (28). The mMRC (modified Medical Research 
Council) questionnaire evaluates the dyspnea response to 
different load levels. The degree of dyspnoea was evaluated 
provoked by different workload in 5 points (29). 

Examination of chest deviation
Chest circumference was measured at the level of processus 
xiphoideus by a centimeter tape at the end of exhalation 
and then at the end of inhalation. The difference between 
these circumferences indicates the value of chest deviation. 
Exhalation-inhalation was repeated three times to determine 
more accurately the chest kinematics (30).

Maximal inspiratory pressure (MIP) 
MIP refers to the function of the diaphragm. It is measured 
by a digital device, Power Breathe Kh1 (POWER breathe 
International Limited, Southam, UK). Values are given in 
cmH2O and a scale shows a textual evaluation of the strength.

Hand grip strength (HGS)
It is measured by the Kern dynamometer (2016 KERN & 
SOHN GmbH Ziegelei 1 72336 Balingen, Germany) and 

its value is given in kg (31).

Body-mass index, airflow Obstruction, Dyspnea, and 
Exercise (BODE) index
According to the international standard, the severity of 
COPD is assessed by considering four factors: B, BMI; 
O, obstruction [FEV1 (ref%)]; D, dyspnea (mMRC); E, 
exercise (6MWD). The higher the score, the more severe 
the disease, with a maximum score of 10 (32).

Statistical analysis

Continuous variable data were presented in median 
(interquartile range) form, categorical variables in absolute 
values. The Shapiro-Wilk test was used to check normality. 
Because our data did not follow a normal distribution, the 
comparative analysis between groups was performed by 
the Mann-Whitney U-test. A 95% confidence interval was 
considered for all statistical tests, and the significance limit 
used was P<0.05. Statistical calculations were performed 
with STATA SE-10.0 (StataCorp, College Station, TX).

Results

The efficacy of complex PR and the differences between 
the two groups (case and control groups) were examined 
separately. The IT group with NIV consisted of 18 
patients with COPD [male/female: 10/8; FEV1 (ref%): 
32.0 (25.0–39.5); median age (years): 65.0 (61.5–68.5); BMI  
(kg/m²): 22.6 (19.2–25.4)]. The control group also included 
18 patients with COPD [male/female: 10/8, FEV1 (ref%): 
24.0 (20.5–26.7), median age: 64.5 (60.2–67.7) years, 
BMI: 21.1 (19.9–23.9)]. Demographic and functional 
characteristics of patients in median and interquartile range 
are shown in Table 1. 

Specific functional parameters were recorded on the 
status sheet at the beginning and the end of our PR 
program. As its result, we observed significant positive 
changes in chest kinematics, exercise tolerance, respiratory 
function values, respiratory mechanical parameters, and 
the program improved significantly functional parameters 
in the group of COPD patients undergoing IT with NIV 
(see Tables 2,3). As a result of the rehabilitation program, 
the patients’ load capacity also improved significantly 
(6MWD) the respiratory muscle (IVC), like the peripheral 
muscle function due to the favorable effect on metabolism 
thanks to the IT with NIV. We observed significantly 
increased chest kinematic, work rate, and volume of oxygen 
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Table 1 Demographic and functional characteristics of the COPD patients

Variables Cases (n=18) Controls (n=18) P value

Mean age (years) (IQR) 65.0 (61.5–68.5) 64.5 (60.2–67.7) 0.280

Male/female (n, %) 10 (55.6)/8 (44.4) 10 (55.6)/8 (44.4) –

BMI (kg/m²) 22.6 (19.2–25.4) 21.1 (19.9–23.9) 0.309

FEV1 (ref%) 32.0 (25.0–39.5) 24.0 (20.5–26.7) 0.001

FVC (ref%) 63.0 (61.5–64.0) 53.5 (49.2–62.0) 0.042

IVC (ref%) 65.0 (63.0–69.0) 53.0 (49.0–57.7) 0.001

Data are presented as median (interquartile range) or as frequency and percentage. P<0.05 means the two indicators were significantly 
correlated. COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV1, forced expiratory volume in post-bronchodilator 
one second; FVC, forced vital capacity; IVC, inspiratory vital capacity.

Table 2 Functional characteristics of the non-invasive ventilated and control COPD patients before and after rehabilitation

Functional 
parameters

Cases (n=18) Controls (n=18)

Before rehabilitation After rehabilitation P value Before rehabilitation After rehabilitation P value

6MWD (m) (IQR) 216.0 (211.5–233.7) 274.0 (247.5–313.5) <0.001 333.5 (141.0–378.0) 345.0 (303.0–433.5) 0.194

FVC (ref%) 63.0 (61.5–64.1) 73.0 (70.0–76.0) 0.012 53.5 (49.3–62.0) 60.0 (44.5–65.0) 0.966

IVC (ref%) 65.0 (63.0–69.0) 74.7 (70.5–75.0) 0.015 53.0 (49.0–57.7) 58.5 (50.0–66.7) 0.159

CK (cm) 3.0 (2.5–4.0) 5.5 (4.0–6.5) <0.001 3.5 (2.1–4.0) 4.7 (4.0–6.0) 0.008

WR (Watt) 25.0 (24.0–27.0) 36.0 (35.0–38.0) <0.001 23.1 (22.0–25.4) 29.4 (27.5–32.1) <0.001

VO2/mL/kg/min 8.8 (8.5–9.2) 10.3 (10.2–10.7) <0.001 7.3 (6.8–8.3) 8.8 (7.9–9.6) 0.029

MIP (cmH2O) 74.0 (60.5–77.2) 76.0 (70.5–84.2) 0.687 44.5 (36.7–69.7) 46.0 (38.2–70.5) 0.539

HGS (kg) 22.2 (19.7–33.1) 25.1 (19.6–32.1) 0.825 27.0 (18.2–31.4) 27.4 (22.4–35.7) 0.335

BODE index 5.0 (5.0–6.7) 4.0 (3.0–5.0) 0.006 6.0 (5.0–7.0) 5.0 (4.2–6.0) 0.118

mMRC 2.0 (1.5–2.0) 1.0 (1.0–2.0) 0.009 2.0 (1.0–3.0) 2.0 (2.0–2.0) 0.101

CAT 29.0 (26.9–32.0) 15.0 (13.5–17.5) <0.001 20.5 (18.0–25.8) 16.0 (12.3–18.0) 0.077

Data are presented as median (interquartile range). P<0.05 means the two indicators were significantly correlated. COPD, chronic 
obstructive pulmonary disease; 6MWD, six-minute walking distance; FVC, forced vital capacity; IVC, inspiratory vital capacity; CK, chest 
kinematic; WR, work rate; VO2, volume for oxygen consumption; MIP, maximal inspiratory pressure; HGS, hand grip strength; BODE, Body 
mass index, airflow Obstruction, Dyspnoea, Exercise capacity; mMRC, modified Medical Research Council Dyspnoea Scale; CAT, COPD 
Assessment Test.

consumption. As a result of the program, the patients’ 
quality of life (CAT: 29.0 vs. 15.0; P<0.001) and the score 
of the dyspnea scale significantly improved (mMRC: 
2.0 vs.1.0; P=0.009). In addition, there was a significant 
decrease in dynamic hyperinflation which reduced 
workload, and improvement in quality of life as suggested 
by an increase of inspiratory vital capacity. As the load 
capacity increased, the severity of the disease decreased 
significantly (BODE-index) see Table 3.

Specific functional parameters of the control COPD 

group are shown in Table 2. The PR program improved 
patient workload (6MWD) and respiratory muscle (IVC) 
and improved quality of life (CAT), but the difference was 
not significant (see Tables 2,3). Only chest kinematic (3.5 
vs. 4.7; P=0.008); and work rate (23.1 vs. 29.4; P<0.001) 
improved significantly.

Discussion

In the present study, we examined 18 cases and 18 matched 
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Table 3 Changes in BODE index among non-invasive ventilated and control COPD patients before and after rehabilitation

BODE index

Change P valueBefore rehabilitation After rehabilitation

0 1 2 3 Total 0 1 2 3 Total

Changes in BODE index among non-invasive ventilated COPD patients

FEV1 (ref%) (n) 0 3 3 12 45 0 3 6 9 42 −3 0.524

6MWD (m) (n) 1 1 16 0 33 3 10 5 0 20 −13 <0.001

mMRC (n) 6 10 2 0 14 12 5 1 0 7 −7 0.071

BMI (kg/m2) (n) 12 6 0 0 6 14 4 0 0 4 −2 0.471

Total         98         73 −25 0.006

Changes in BODE index among control COPD patients

FEV1 (ref%) (n) 0 0 0 18 54 0 0 1 17 53 −1 0.324

6MWD (m) (n) 8 4 6 0 16 9 6 3 0 12 −4 0.430

mMRC (n) 1 10 6 1 25 4 10 4 0 18 −7 0.100

BMI (kg/m2) (n) 9 9 0 0 9 10 8 0 0 8 −1 0.747

Total 104 91 −13 0.118

P<0.05 means the two indicators were significantly correlated. BODE, Body mass index, airflow Obstruction, Dyspnoea, Exercise capacity; 
COPD, chronic obstructive pulmonary disease; FEV1, post-bronchodilator forced expiratory volume in one second; 6MWD, six-minute 
walking distance; mMRC, modified Medical Research Council Dyspnoea Scale; BMI, body mass index.

control patients with stable, severe COPD, and found that 
complex PR and IT with NIV significantly improved the 
patients’ load capacity, quality of life, chest kinematics, 
and peripheral muscle function compared to the control 
group patients. Our study is the first to demonstrate a 
significant performance-enhancing effect of non‑invasive 
oxygen supplementation during training with severe 
COPD patients. Patients participated in the two groups in 
a complex PR program containing the same components 
except for IT with NIV. Patients in the two groups 
responded differently to the complex program. In the IT 
group with NIV, there was a significant improvement in 
functional parameters, a positive effect on workload, muscle 
metabolism, quality of life, while there was no significant 
improvement in the matched control group. The complex 
PR has reduced the rate of dynamic hyperinflation, which is 
important, because dynamic hyperinflation severely limits 
patients’ quality of life and workload respectively (33,34).

The effectiveness of complex PR is supported by 
the highest level of evidence (35,36). Evidence-based, 
randomized, controlled trials have shown improved 
performance and quality of life in patients with COPD 
(12,37), regardless of the severity of their condition. The 

beneficial respiratory, circulatory, and metabolic effects 
of IT are also well known (38). Compared to continuous 
training, IT leads to less DH, it allows a significantly 
longer tolerable training period, and it results in a lower 
degree of exercise dyspnea (38). Decreased exercise capacity 
is a major factor in the isolation of patients with severe 
COPD in particular, and low physical activity also helps 
to induce subsequent exacerbation (39). It is important to 
determine the appropriate intensity, and slowly increase 
the load in order to achieve the best cardiopulmonary 
and performance-enhancing effect (11). In addition, it is 
important to educate and motivate patients, to set realistic 
goals for a more active and health-oriented lifestyle in the 
long run, as physical activity in everyday life is also crucial 
for their prognosis (40).

In case of acute COPD exacerbation, NIV can be used 
very safely (41). In patients with acute exacerbating COPD, 
NIV leads to a rapid improvement of blood gas parameters. 
The main result is an early and permanent decrease of 
PaCO2 levels and a consequent increase in pH-values. It 
also reduces the need for endotracheal intubation (42). 
Numerous studies have shown that patients undergoing 
regular endurance training are less likely to be hospitalized 
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for acute exacerbation, and even if they require in-patient 
care, their symptoms are milder and the number of days 
spent in hospital is lower compared to non-trainees (43-45).  
It is well known that not all the patients with COPD 
are able to perform intense workouts due to dyspnea, 
fatigue, and rapid exhaustion, and they rather tolerate 
IT better than continuous exertion (46). The benefits of 
non‑invasive respiratory support during IT are: sustained 
spontaneous respiration, better oxygen supply, higher 
cardiac output, better tissue perfusion, and better peripheral 
muscle function, which result in a significant increase in 
performance (47).

Dynamic hyperinflation often develops in COPD. This 
has a great clinical significance because it contributes to 
dyspnea, reduces exercise tolerance, and increases the 
incidence of comorbidities (48). Due to the detrimental 
effect of inflammatory mediators in the small airways, 
the so-called remodeling (transformation) and tissue 
destruction occur in the lung parenchyma (49). Dynamic 
hyperinflation strains heavily the cardiovascular system, as 
an increasing number of studies demonstrated that DH, 
which is further exacerbated by strain, increased the use of 
cardiopulmonary system reserves, especially in the advanced 
stages (33,50). The function of the diaphragm in COPD as 
a primary inspiratory muscle is also very important (51). In 
our present study, the MIP increased due to the PR since it 
tuned the breathing towards more economical pattern.

The study of Menadue et al. found that in patients 
with severe or very severe COPD, non‑invasive positive-
pressure ventilation improved peak performance (17 
percent improvement) and endurance training (59 percent 
improvement) in the complex PR program, and training 
intensity also increased by 13 percent (52). In our research, 
we found a significant improvement in dyspnea scale 
(mMRC) and quality of life (CAT) during IT with NIV, 
and our results are consistent with those of Hui et al. (53), 
Paz-Díaz et al. (54) and Spencer et al. (55). Joyner et al. put 
forward that regular endurance training leads to an adaptation 
of skeletal muscle that prevents an increase in lactate levels, i.e., 
in the presence of oxygen, the body is able to break down the 
lactate produced during the exercise. This requires a relatively 
low intensity (56). This process is mediated by the activation of 
peroxisome proliferator-activated receptor gamma coactivator 
1-alpha (PGC-1α), which changed the composition of the 
LDH (lactate dehydrogenase) complex isoenzyme and 
decreased the activity of the lactate-producing LDH-A 
enzyme while increasing the activity of the LDH-B lactate 
metabolizing enzyme (57). Through physical activity, PGC-

1α also has an effect on vascularization, ROS (reactive 
oxygen species) detoxification, and reduces inflammation. 
PGC-1α also affects mitochondrial and metabolic genes, 
load genes (e.g., MyoD, p21), and neuromuscular junction 
genes. Overall, physical activity has beneficial effects on 
metabolic processes, cardiovascular status, and muscle status 
as well (56-58). 

In COPD patients, a wide range of training programs 
is available as an integral part of PR—lower and upper 
limb trainings, strength and endurance respiratory muscle 
trainings, whole body vibration training—which in some 
cases can be supplemented with individual complementary 
therapy, chest physiotherapy or fascia relaxing techniques. 
The PR program is complex, carefully designed, and it takes 
into account the patients’ individual needs as well as their 
comorbidities. The treatment plan is established by the 
physiotherapist in close cooperation with the respiratory 
rehabilitation specialist based on the results of functional 
condition assessment and the opinion of the cardiologist. 
Group exercise also has a positive effect on mental health, 
thus all patients should be encouraged to participate in these 
sessions and perform tasks according to their individual 
condition.

We acknowledge that our present research has certain 
limitations to be mentioned. A relatively smaller sample 
size and single-center patient modality was present, but it 
was a physiological study. Although patients in the control 
group had significantly weaker lung function and the result 
of the complex PR program was not or hardly significant 
for them, the effect of IT with NIV on physiological 
parameters was clearly visible and highly convincing in the 
case group. Another disadvantage of our study was that our 
research could not meet the blindness criterion, i.e., the 
case group members were aware of the purpose of the study, 
as they received oxygen through a full face mask during IT 
and their results were objectively measured before and after 
complex PR. However, it was an advantage in our study that 
all patients selected for the study successfully completed 
complex rehabilitation program, there was no dropout. We 
performed a prospective cohort study with matched control 
group, most of the physiological studies, therefore biases 
cannot be completely ruled out. Nevertheless, it was the 
first study in Hungary involving patients with severe but 
stable COPD who benefited from non-invasive positive 
pressure ventilation using a full face mask—instead of a nose 
mask—with no leakage. The results of our research showed 
that the values of IVC (ref%), CK, 6MWD, MIP, CAT, 
and mMRC were significantly improved, i.e., IT with NIV 
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during complex PR can be a safe and effective advantage in 
the therapy.

Conclusions 

The complex PR, one of the standard treatment tools 
for COPD, is a multidimensional, non-pharmacological 
intervention that has been demonstrated to reduce dyspnea, 
increase patient performance, and improve quality of life. 
Overall, elements of the PR program also improved the 
function of respiratory muscles and peripheral muscles by 
a beneficial effect on metabolism. Having examined 18 
patients with severe but stable COPD, we found that IT 
with NIV in severe COPD significantly improved patients’ 
exercise capacity, quality of life, chest kinematics, and 
peripheral muscle function, while the results of the matched 
control group proved not to be significant [IVC (ref%), 
6MWD, MIP, CAT, mMRC]. We also found a significant 
improvement in inspiratory muscle function and chest 
deviation in noninvasive-ventilation group, as well as a 
significant decrease in dynamic hyperinflation, as suggested 
by an increase in inspiratory capacity. 
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