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Abstract
Background: Heart failure (HF) is an important public health problem, of which main clinical symptoms are dyspnea and 
fatigue. Noninvasive ventilatory support has been used as adjuvant therapy in cardiac rehabilitation in order to improve 
the functional capacity of patients.

Objective: To evaluate the functional capacity of patients with HF submitted to ventilatory support.

Methods: We evaluated the sociodemographic information, as well as data on quality of life, blood pressure (BP), 
peripheral oxygen saturation (SpO2), dyspnea, lactate concentration before and after the 6-minute walk test (6MWT) 
and the distance walked by patients of both sexes with chronic heart failure (CHF), with left ventricular ejection fraction 
(LVEF) ≤ 45.0% , randomized in two groups: control and CPAP (the group used CPAP - 10 cmH2O for 30 minutes).

Results: A total of 12 patients, of which 8 were males, with CHF functional class II and III (NYHA) participated in the 
study. The patients had mean LVEF of 35.3 ± 8.7 and mean age was 46.3 ± 10.3 years. When comparing the control 
group with the CPAP group at the end of the 6th minute, there was a significant difference between the groups regarding 
SpO2 values (Control: 93.6 ± 1.5 % vs CPAP: 96.1±1.8%; p = 0.027), index of dyspnea (Control: 13.1 ± 1.16 vs CPAP: 11 
± 0.8; p = 0.009), lactate concentration (Control: 3.3 ± 0.7 mmol/l vs CPAP: 2.3 ± 0.5 mmol/l; p = 0.025) and distance 
walked at the 6MWT (Control: 420.6 ± 73.8 m vs CPAP: 534 ± 89.91 m; p = 0.038).

Conclusion: The previous use of the CPAP had beneficial effects on SpO2, index of dyspnea, lactate concentration, 
double product and the distance walked at the 6MWT in patients with CHF when performing the 6MWT. (Arq Bras 
Cardiol 2011;96(3):227-232)
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In the cardiac rehabilitation (CR) scenario, the individual’s 
physical conditioning is the objective, aiming at improving 
the functional capacity and promoting the return to the work 
and social activities, where the physical performance is a 
limiting factor5,6. One of the main aggravating factors is the 
development of acute respiratory failure due to the decrease 
in lung compliance, which increases the respiratory workload7. 
Such decrease is the result of the circulatory failure caused by 
the left ventricular (LV) dysfunction, which can cause acute 
and/or chronic damage to the respiratory function8. 

In this scenario, the use of noninvasive ventilatory 
support (NIVS) has arisen as an adjuvant therapy in cardiac 
rehabilitation in an attempt to improve the functional capacity 
of patients, as the NIVS decreases the respiratory workload, 
improves oxygenation, increases lung compliance associated 
with the improvement in the ejected volume, due to the 
increase in the intrathoracic pressure9. 

The use of NIVS has been an alternative in the attempt to 
increase arterial oxygenation and provide better tolerance 
to physical exercise, due to its significant effect on the 
cardiorespiratory interaction, resulting in a better cardiac and 

Introduction
Heart failure (HF) is an important public health problem1, 

of which dyspnea and fatigue during physical exercise or 
activities of daily living are the main clinical symptoms. It is 
the leading cause of early interruption of physical activity, 
resulting in restrictions of the daily activities and consequent 
limitation in functional capacity2,3. 

The progression of HF symptoms generates a decrease in 
the level of physical activity, resulting in the lack of physical 
conditioning, which contributes to further increase symptoms 
and exercise intolerance, progressively decreasing functional 
capacity, which causes a frequent, high-cost, generally 
incapacitating clinical condition that has a high mortality rate4.
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respiratory response during exercise. However, few studies 
have taken into account the use of NIVS, associated or not to 
exercise in HF in the context of CR10. 

Therefore, the present study aims to evaluating the 
functional capacity of patients with HF submitted to NIVS. 

Methods
We evaluated patients of both sexes, with a diagnosis of 

CHF (New York Heart Association [NYHA] Functional Class 
II and III), referred to the Department of Ergospirometry 
and Cardiovascular Rehabilitation of Hospital Ana Nery 
- UFBA. The present study included patients with left 
ventricular ejection fraction (LVEF) ≤ 45.0% (determined by 
echocardiography), aged 18 years or older, conscious and 
neurologically capable of communication and locomotion. 
Patients that presented limitations to physical activity due to 
factors other than exertional dyspnea and fatigue, such as 
intermittent claudication, lower-limb arthrosis and arthritis, 
psychiatric disease, orovalvular disease of rheumatic origin, 
anemia, chronic obstructive pulmonary disease (COPD), any 
febrile condition or infectious disease and those that presented 
intolerance to NIVS, were excluded from the study. 

Initially, an interview was carried out for data collection 
and sample characterization, taking into account the 
management of HF and among them, gender, body mass 
index (BMI), blood pressure (BP) and the functional 
classification according to the NYHA. 

Subsequently, the Minnesota Living with Heart Failure 
Questionnaire was applied to assess quality of life (QoL), which 
is a disease-specific tool that evaluates the patient’s perception 
regarding the influence of HF on the physical, socioeconomic 
and psychological aspects11.

Another important consideration about this tool is its 
comprehensive format, the fact that it is easy to apply and also 
the fact that it has been validated for the Brazilian population12. 
The participants answered the 21 items using a 6-point answer 
scale (0-5). The summary of the total score (global score) can 
range from 0 to 105; a lower score reflects a better QoL. The 
scores in the three subscales (dimensions) reflect physical 
(questions number 2, 3, 4, 5, 6, 7, 12 and 13) and emotional 
difficulties (questions number 17, 18, 19, 20 and 21) and 
the other items are associated with financial considerations, 
side effects of medications and lifestyle (general dimensions). 

Subsequently, the patients were randomly allocated to 
two groups by drawing lots, by placing blue and red ribbons 
inside opaque envelopes. Patients that chose an envelope 
containing a blue ribbon were allocated in the CPAP group, 
which underwent continuous positive airway pressure (CPAP) 
at 10 cmH2O for 30 minutes, before the six-minute walk test 
(6MWT) and those that chose the envelopes containing the 
red ribbon were allocated in the Control group, which was 
not submitted to CPAP. The patients were not aware of which 
among them had been submitted to CPAP, as the groups were 
submitted to the procedures on different days.

A blood sample was collected from the tip of the index 
finger of the right hand of the patients, using sterile and 
disposable lancets (Accu-Chek™ Softclix™ Pro, Roche, 

Germany), after a 10-minute rest in the sitting position before 
the 6MWT (for the CPAP group, before the CPAP was applied) 
and at the end of the 6th minute of the 6MWT for lactate 
concentration measurement using Accutrend™ Lactimeter 
(Roche, Germany). 

The 6MWT was carried out according to the criteria 
established by the American Thoracic Society (ATS)13 and the 
guidelines for ergometric evaluation established by the Brazilian 
Society of Cardiology (SBC)14, on a 30-meter long walking 
course, without follow-up and with the patient receiving only 
the standardized instructions at every minute. The patients 
were monitored regarding heart rate (HR, bpm), blood 
pressure (BP, mmHg), peripheral oxygen saturation (SpO2, %), 
subjective sensation of dyspnea (Borg scale)15 and the values 
were recorded at rest and at the 2nd, 4th and 6th minutes. 

The study was approved by the Committee of Ethics in 
Research of Hospital Ana Nery - UFBA, protocol # 37/09 
and all patients that agreed to participate signed the Free and 
Informed Consent Form. 

Descriptive and frequency statistics were used to analyze 
the demographic and clinical data; the Shapiro-Wilks test 
was used for the normality and homogeneity of the variables, 
using the SPSS (Statistical Package for the Social Sciences) 
for Windows software package (release 13.0). The Student’s 
t test was used to analyze parametric data and for variables 
with non-parametric distribution. Wilcoxon’s test was used 
to compare the differences of intragroup means. When 
comparing between the two groups, for parametric data, 
Student’s t test was used for independent samples and the 
Mann-Whitney test was used for the nonparametric ones. The 
level of significance was set at 5.0%.

Results
A total of 12 patients with NYHA FC II and III CHF 

participated in the present study. The patients had a mean 
LVEF of 35.3 ± 8.7 and 8 were males. The mean age was 
46.3 ± 10.3 years and the mean BMI was 25.1 ± 5.5 kg/
m2. The data of the clinical characterization of the sample is 
shown in Table 1.

Table 2 shows the comparison of the clinical characteristics 
of the patients per group (Control group vs. CPAP group) and 
no significant difference was observed among the variables 
studied between the groups. 

In the control group, when the variables at rest when 
compared to those at the 6th minute, a significant difference 
was observed for the hemodynamic variables (SBP: 126.6 ± 
8.1 mmHg vs. 150 ± 8.9 mmHg, with p = 0.003; DBP: 85 
± 10.4 mmHg vs 105 ± 5.4 mmHg, with p = 0.01 and HR: 
81.1 ± 166.8 bpm vs 117.8 ± 19.3 bpm, with p = 0.006). 
The analysis of the respiratory and metabolic variables showed 
a significant difference regarding SpO2: 97.3 ± 1% vs 93.6 
± 1.5%, p = 0.001; dyspnea 7 ± 1.26 vs 13.1 ± 1.16, with 
p = 0.000 and the lactate concentration: 1.6 ± 0.73 mmol/l 
vs 3.3 ± 0.7 mmol/l, p = 0.028 (Table 3).

When comparing the variables at rest with those at the 
6th minute in the CPAP group, there was also a significant 
difference regarding the hemodynamic data (SBP: 120 ± 15.4 
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Table 1 - Clinical characteristics of the study patients

Characteristics n = 12 Mean ± SD

Age (years) 46.3 ± 10.3

BMI (kg/m2) 25.1 ± 5.5

LVEF% 35.3 ± 8.7

SBP (mmHg) 123.3 ± 12.3

DBP (mmHg) 80.8 ± 10

HR (bpm) 77.2 ± 13.2

Spo2 (%) 97.4 ± 1

Dyspnea (Borg) 6.8 ± 1

Lactate (mmol/l) 1.4 ± 0.6

Minnesota Living With Heart Failure Questionnaire (score)  

Global score 67.5 ± 11.2

Physical dimension 29.8 ± 6.2

Emotional dimension 13.4 ± 5.4

General dimension 21.2 ± 4.6

N %

Sex

Male 8 66.6

Female 4 33.4

Functional class (NYHA)

II 2 16.6

III 10 83.4

Etiology

Hypertensive 5 41.7

Ischemic 5 41.7

Others* 2 16.6

Medication used

ACE Inhibitor 4 33.4

ARB 6 50

Digitalis 5 41.7

Diuretics 12 100

Betablocker 10 83.4

Vasodilator 2 16.6

Ca2+ channel blocker 1 8.4

Anti-arrhythmic 2 16.6

Anticoagulant agents 0 0

Antiplatelet agents 6 50

n - number of patients; BMI - body mass index; LVEF - left ventricular ejection 
fraction; SBP - systolic blood pressure; DBP - diastolic blood pressure; HR - heart 
rate; SpO2 - peripheral oxygen saturation; NYHA - New York Heart Association; 
*others - viral/ peripartum/ Chagas; ACE - angiotensin converting enzyme; ARB - 
angiotensin II receptor blockers.

Table 2 - Comparison of the clinical characteristics of patients per 
group

Characteristics Control Group 
n = 06

CPAP Group 
n = 06 p

Sex M/F 5/1 4/2  

Age (years) 45.1 ± 12.1 47.5 ± 9.1 0.71

BMI (kg/m2) 26.5 ± 6.6 23.6 ± 4.1 0.38

QV global score 70.1 ± 10.3 64.8 ± 12.3 0.21

LVEF% 35.5 ± 8.5 35.1 ± 9.7 0.95

SBP (mmHg) 126.6 ± 8.1 120 ± 15.4 0.63

DBP (mmHg) 85 ± 10.4 76.6 ± 8.1 0.17

HR (bpm) 81.1 ± 16.8 73.1 ± 7.6 0.15

Spo2 (%) 97.3 ± 1.0 97.5 ± 1.0 0.39

Dyspnea (Borg) 7 ± 1.26 6.6 ± 0.8 0.74

Lactate (mmol/l) 1.6 ± 0.73 1.1 ± 0.2 0.33

n - number of patients; BMI - body mass index; LVEF - left ventricular ejection 
fraction; SBP - systolic blood pressure; DBP - diastolic blood pressure; HR - 
heart rate; SpO2 - peripheral oxygen saturation.

Table 3 - Comparison of the intragroup variables (control group)

Variables
Control Group n = 06

p
Rest 6th min

SBP (mmHg) 126.6 ± 8.1 150 ± 8.9 0.003

DBP (mmHg) 85 ± 10.4 105 ± 5.4 0.012

HR (bpm) 81.1 ± 16.8 117.8 ± 19.3 0.006

Spo2 (%) 97.3 ± 1.0 93.6 ± 1.5 0.001

Dyspnea (Borg) 7 ± 1.26 13.1 ± 1.16 0.000

Lactate (mmol/l) 1.6 ± 0.73 3.3 ± 0.7 0.028

Double-product 
(mmHg.bpm) 17,758.3 ± 3,623.8

Distance walked (m) 420.6 ± 73.8

n - number of patients; SBP - systolic blood pressure; DBP - diastolic blood 
pressure; HR - heart rate; SpO2 - peripheral oxygen saturation.

that there was a significant difference regarding dyspnea 6.6 
± 0.8 vs 11 ± 0.8, with p = 0.001 and lactate concentration: 
1.1 ± 0.2 mmol/l vs 2.3 ± 0.5 mmol/l, p = 0.028. However, 
the analysis of SpO2, did not show a significant difference 
between the Rest period and the 6th minute (97.5 ± 1.0% vs 
96.1 ± 1.8%, p = 0.286), as shown in Table 4.

The comparative analysis between the groups at the end 
of the 6th minute showed a significant difference in the values 
of SpO2% (Control: 93.6 ± 1.5 % vs CPAP: 96.1 ± 1.8%; 
p = 0.027), dyspnea (Control: 13.1 ± 1.16 vs CPAP: 11 ± 
0.8; p = 0.009), lactate concentration (Control: 3.3 ± 0.7 
mmol/l vs CPAP: 2.3 ± 0.5 mmol/l; p = 0.025), double-
product (Control: 17,758.3 ± 3,623 mmHg.bpm vs CPAP: 
14,035 ± 2,859 mmHg.bpm; p = 0,038) and the distance 
walked at the 6MWT (Control: 420.6 ± 73.8 m vs CPAP: 
534 ± 89.91 m; p = 0.038).

mmHg vs. 140 ± 12.6 mmHg, with p = 0.001; DBP: 76.6 
± 8.1 mmHg vs 101.6 ± 13.2 mmHg, with p = 0.002 and 
HR: 73.1 ± 7.6 bpm vs 99.6 ± 13 bpm, with p = 0.001). 
The analysis of respiratory and metabolic variables showed 
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Table 4 - Comparison of intragroup variables (CPAP group)

Variables
CPAP Group n = 06

p
Rest 6º min

SBP (mmHg) 120 ± 15.4 140 ± 12.6 0.001

DBP (mmHg) 76.6 ± 8.1 101.6 ± 13.2 0.002

HR (bpm) 73.1 ± 7.6 99.6 ± 13 0.001

Spo2 (%) 97.5 ± 1.0 96.1 ± 1.8 0.286

Dyspnea (Borg) 6.6 ± 0.8 11 ± 0.8 0.001

Lactate (mmol/l) 1.1 ± 0.2 2.3 ± 0.5 0.028

Double-product 
(mmHg.bpm)   14,053.3 ± 2,859.86  

Distance walked (m) 534 ± 89.91  

n - number of patients; SBP - systolic blood pressure; DBP - diastolic blood 
pressure; HR - heart rate; SpO2 - peripheral oxygen saturation.

Table 5 - Comparison of the variables at the 6th min. between the 
Control and CPAP groups

Characteristics Control Group 
n = 06

CPAP Group 
n = 06 p

SBP (mmHg) 150 ± 8.9 140 ± 12.6 0.145

DBP (mmHg) 105 ± 5.4 101.6 ± 13.2 0.583

HR (bpm) 117.8 ± 19.3 99.6 ± 13 0.086

Spo2 (%) 93.6 ± 1.5 96.1 ± 1.8 0.027

Dyspnea (Borg) 13.1 ± 1.16 11 ± 0.8 0.009

Lactate (mmol/L) 3.3 ± 0.7 2.3 ± 0.5 0.025

Double-product 
(mmHg.bpm) 17,758.3 ± 3,623.8 14,053.3 ± 2,859.86 0.038

Distance walked 
(m) 420.6 ± 73.8 534 ± 89.91 0.038

N - number of patients; SBP - systolic blood pressure; DBP - diastolic blood 
pressure; HR - heart rate; SpO2 - peripheral oxygen saturation.

Moreover, a difference regarding the hemodynamic data 
was observed, albeit without statistical significance, as shown 
in Table 5. 

Discussion
The present study shows that the patients submitted 

to NIVS obtained better results, as demonstrated by the 
longer distance walked at the 6MWT and consequent better 
functional capacity16. 

HF presents systemic consequences that directly affect 
patient functional capacity and, consequently, the activities of 
daily living, as well as the QoL17. This has been corroborated 
by the results of the present study. 

Cardiac rehabilitation (CR) is considered a set of 
multidisciplinary therapeutic actions that aim at better clinical 
evolution, from the physical and psychosocial point of view. 
During the rehabilitation process, the patients perform 
several exercises under the supervision of a multiprofessional 
team. Walking is among the main exercises performed during 
the treatment of these patients, of which main characteristic 
is the fact that it is easy to understand and perform on the 
part of the patients18. 

Walking is a physical activity that is limited in patients with 
HF due to several clinical factors, such as the loss of type I 
fibers in the skeletal musculature, muscle atrophy, previous 
hemodynamic condition and metabolic abnormalities19. 

Moreover, recent studies have demonstrated the 
involvement of the respiratory function, with the decrease 
in the respiratory muscle strength, pulmonary congestion, 
increase in pulmonary resistance with airflow limitation and 
ventilation process impairment20. 

Schroeder et al21, in 2003, evaluated the level of airflow 
limitation in healthy individuals and patients with HF. That study 
showed an airflow limitation at rest in patients with HF, which 
was further exacerbated during physical exercise performance. 

As the NIVS uses positive pressure, it can optimize the 
cardiac and respiratory function of patients with HF. The 
positive pressure decreases the large variations in the pleural 

pressure and, consequently, reduces the transmural pressure 
of the LV, improving the contractile performance of the heart22. 

The data did not show, regarding the hemodynamic 
parameters (SBP, DBP and HR), significant effects of the previous 
performance of the positive pressure, in comparison with the 
Control group at the end of the 6th minute. That might be due 
to the fact that, during the exercise, the patients were no longer 
using the positive pressure23. However, at the assessment of the 
double-product at the end of the exercise, lower values of this 
physiological parameter were observed in the group of patients 
submitted to NIVS. That leads us to believe that the NIVS can 
previously improve the performance of the cardiovascular and 
respiratory systems, so that during the 6MWT performance, such 
patients presented a lower cardiac workload22. 

In agreement with the findings of the present study, 
Chermont et al10 studied 12 patients, divided in two groups, 
placebo and CPAP for 30 minutes before the 6MWT. That 
study showed no significant alterations regarding the SBP, DBP 
and mean arterial pressure (MAP). 

Regarding the pulmonary function, as the positive pressure 
decreases the airway resistance in patients with HF, it increases 
lung compliance, improves gas exchange, decreases the 
respiratory workload and reduces airflow limitation24. Similarly, 
our results showed that the previous use of CPAP for 30 
minutes optimized the patients’ pulmonary function in such 
a way that they, at the end of the 6th minute of walking, did 
not present a significant desaturation. 

The comparative analysis of the studied parameters at the 
end of the 6th minute showed a higher level of SpO2 and a lower 
index of dyspnea in the group previously submitted to CPAP, 
showing that the beneficial effects of the positive pressure on the 
pulmonary function of patients with HF persisted until the end 
of the exercise proposed in this study. Such results demonstrate 
the capacity of the noninvasive ventilation to improve the 
pulmonary function parameters and, therefore, allow the more 
effective performance of the exercise.

Barbas et al25 reported on the beneficial effects of the 
positive pressure on the pulmonary function of patients with 
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cardiopathy, with a decrease in pulmonary congestion and 
improved gas exchange. 

Witmmer et al26 used daily CPAP sessions for 30 minutes 
before exercise performance in patients with HF for two 
weeks and observed an improvement in pulmonary function 
and the distance walked by the patients that used the CPAP, 
in agreement with the findings of the present study. 

The simplified analysis of the lactate concentrations 
showed that the patients submitted to NIVS exhibited 
lower lactate concentrations, suggesting a lower utilization 
of the anaerobic metabolism. Current scientific evidence 
demonstrates the association between the anaerobic 
metabolism and the functional capacity as an important 
predictor of mortality27,28.

The present study showed some limitations. Initially, it was 
not possible to define the duration of the effects that were 
verified, as the administration of the NIVS was interrupted 
for the performance of the 6MWT. It would be important to 
determine whether several sessions with NIVS could maintain 
the effect for a longer period of time and whether these effects 
are associated with clinical improvement.

Therefore, the continuity of the present study with a 
larger sample size, as well as other studies on the same 
subject, is necessary to elucidate the effects of NIVS as 

a new alternative in therapeutic support for the CR of 
patients with HF. 

Conclusion
The previous use of CPAP with 10 cmH2O for 30 minutes 

presented beneficial effects on SpO2, dyspnea index, lactate 
concentration, double-product and the distance walked by 
patients with CHF when performing the 6MWT. However, 
the results of the present study must be taken into account 
cautiously, as it is a pilot-study carried out with a small 
sample size. 
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