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Abstract

Continuous positive airway pressure (CPAP) has been used to improve gas exchange and diaphragmatic function, among
others benefits. Moreover, it can be used to increase exercise tolerance and positively influence ventilatory function and
breathing pattern (BP) during exercise. However, there is no information about the long-term effects of CPAP, as an adjunct to
an inpatient cardiac rehabilitation (CR) program, on BP and heart rate variability (HRV) of patients after coronary artery bypass
grafting surgery (CABG). Twenty patients were allocated to receive, after randomization, standard inpatient CR without CPAP
(control group - CG) or CR with CPAP between 10 to 12 cmH2O (CPAP group - CPG) associated with the exercises.
Participants were assessed preoperatively and on the discharge day, in the sitting rest position. Outcome measurements
included BP variables, collected by respiratory inductive plethysmography, and HRV, collected by polar precision performance.
The CPG presented lower values of percent rib cage inspiratory and expiratory contributions to tidal volume (%RCi and %RCe)
at discharge time, compared to CG. No statistical differences between groups were observed for HRV variables and both
groups presented lower values of these indices, compared to preoperative ones. In this context, the patients who received
CPAP throughout the whole rehabilitation program were discharged with a better BP, which could indicate more synchronized
breathing. CPAP did not influence cardiac autonomic modulation in the long term.
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Introduction

Coronary artery bypass grafting (CABG) surgery
continues to be the treatment of choice for patients with
advanced and complex coronary artery disease (1,2), and
it is indicated to improve myocardial function and reduce
mortality associated to ischemia (3,4). However, the
procedure and its complexity have been associated with
some postoperative disorders. Decline of physical capac-
ity (5), cardiac autonomic nervous system dysfunction
(6,7), postoperative respiratory disorder, and lung function
reduction have already been reported in patients after
this type of surgery (8,9). Previously, we also identified
a negative effect on patients’ breathing pattern (BP),
leading to an increase of thoracoabdominal asynchrony in
the CABG postoperative period (10).

Several strategies of rehabilitation have been applied to
these patients to prevent or minimize the decrease of
functional capacity (11), the impact of surgery on cardiac
autonomic modulation (7), and respiratory/pulmonary com-
plications (12). In this context, our group was able to
demonstrate a great benefit of early mobilization asso-
ciated with chest physical therapy on cardiac autonomic
modulation. In a previous study, Mendes et al. (13) showed
that a short-term supervised physiotherapy exercise proto-
col applied during inpatient rehabilitation improves heart
rate variability (HRV) at the time of discharge, compared to
conventional respiratory exercises.

Among the different rehabilitation protocols applied
after CABG (11), some adjuncts to physiotherapy have
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been used, such as the continuous positive airway pres-
sure (CPAP), a modality of noninvasive ventilation, with a
potential to improve cardiac autonomic modulation, gas
exchange, diaphragmatic function, lung compliance, BP,
and airway resistance, thus reducing the work of breathing
(10,14).

In a study carried out by our group (10), acute appli-
cation of CPAP was able to positively affect cardiac
autonomic modulation and BP of patients after CABG.
Furthermore, during the exercise, we demonstrated that
CPAP, applied at the first day of walking, can increase
exercise tolerance and positively influence ventilatory
function and BP (15). However, in this last study, we identi-
fied the acute effect of CPAP during a single exercise.
Considering that CPAP is a respiratory adjunct that
improves gas exchange and diaphragmatic function and
acutely positively affects BP, we aimed firstly to investigate
if there is a long-term effect of CPAP on BP after inpatient
cardiac rehabilitation (CR), that is, if the positive influence
of CPAP on BP, previously observed only in the acute
moment, can persist after concluding the rehabilitation
program, measured during spontaneous breathing. More-
over, we also investigated if there is an effect of this
adjunct on cardiac autonomic modulation.

In this context, the aim of our randomized controlled
trial was to test the hypothesis that long-term use of CPAP
associated with the exercises of a hospital rehabilitation
program after CABG influences the BP, evaluated by
respiratory inductive plethysmography (RIP), and cardiac
autonomic modulation, evaluated by HRV.

Material and Methods

Study design
The present study is a prospective, randomized, con-

trolled trial, conducted within the Coronary Unit and Cardio-
vascular Ward of a tertiary hospital and the methodological

design was based on the CONSORT Statement (16). All
the patients were instructed about the purpose and proce-
dures of the study and informed consent was obtained prior
to participation. The protocol applied followed the principles
of the Declaration of Helsinki and was approved by the
Human Research Ethics Committee of the University.

Patients
We included patients of both genders, with clinical

diagnosis of coronary artery disease with elective CABG
surgery, median sternotomy incision, and interposition of a
saphenous vein, internal thoracic artery, or radial artery
grafts. Exclusion criteria were: emergent or other concom-
itant surgical approaches, valvular heart disease, previous
cardiac surgery, unstable angina, use of an intra-aortic
balloon pump or permanent pacemaker, chronic and acute
disturbances in heart rhythm, chronic obstructive pulmo-
nary disease, severe non-cardiac diseases, and/or incapac-
ity to perform the protocol.

Preoperatively, a clinical cardiac assessment was
conducted by a physician before the inclusion of patients
in the study; additionally, demographic and anthropometry
characteristics and clinical variables were recorded.
At this point, patients were randomized (through a balanced
randomization with a block size of four) to two different
groups: with CPAP (CPG: continuous positive airway
pressure group) or without CPAP (CG: control group)
during the exercises applied in the postoperative period.

Intervention
The inpatient CR was applied as described in a

previous study (15) and consisted of a twice-daily
supervised physiotherapy program of early mobilization,
from the first postoperative day until hospital discharge
(Table 1). For the patients allocated to the CG, all the
physical exercises were performed during spontaneous
breathing, and for the patients allocated to the CPG, the

Table 1. Cardiovascular rehabilitation program applied to the groups from postoperative day one until hospital discharge.

Days Description of protocol

1 Respiratory exercises: deep breathing from functional residual capacity to total lung capacity in three times of inspiration (1 set, 20 breaths);

sustained respiration (5") at the end of inspiration (1 set, 20 breaths); bronchial hygiene maneuvers followed by coughing exercises.

Physical exercise: bed inclined to 45°: active-assistive exercises of the lower/upper extremities; flexion and extension of ankles and wrists

(5 sets, 10 reps).

2 Respiratory exercises: as in day 1. Physical exercises: sitting position to 90°; active-assistive exercises of extension and flexion of the

shoulders, elbows, wrists, knees, and ankles and adduction and abduction of the hips (2 sets, 15 reps); orthostatic position (50) as tolerated

by the patient.

3 Respiratory exercises: as in day 2. Physical exercises: sitting position to 90°; active exercises as in day 2 (3 sets, 15 reps) and ambulation

within the inpatient ward (50).
4 Respiratory exercises: as in day 2. Physical exercises: sitting position to 90°; active exercises as in day 3 (3 sets, 15 reps) and ambulation

within the inpatient ward (100).
5 Respiratory exercises: as in day 2. Physical exercises: orthostatic position; active exercises as in day 4 (3 sets, 15 reps), ambulation

within the inpatient ward (100), and walk up and down flight of stairs (4 steps).

Inpatient cardiac rehabilitation consisted of a twice-daily supervised physiotherapy program.
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inpatient CR was the same plus a ventilatory support of
CPAP (S8 Elite, Resmed, Australia) between 10 and
12 cmH2O, according to their tolerance, during all physical
exercises. During the postoperative period, patients were
monitored for adverse events in order to determine
tolerance and progression of the protocol.

BP and HRV analysis
The BP and HRV variables were recorded at two

different times: 1) preoperative situation (pre), for basal
characterization, performed during 10 min in the sitting
rest position; and 2) at discharge situation (post), during
10 min in the sitting rest position (before the initiation of
the protocol). Care was taken to avoid any manipulations
of the patients during recording.

BP signals were continuously measured with the RIP
equipment, a multi-channel ambulatory monitor (LifeShirt
System, Vivometrics Inc., USA) designed to register
electrocardiogram and respiration. The respiration is
registered by the upper ribcage and abdominal inductance
plethysmography bands integrated in a garment, located
at the levels of the nipples and umbilicus, respectively.
A volumetric calibration was carried out with a fixed
volume bag (800 mL) before initiating the data collection
and the data were recorded with a portable device and
downloaded to a computer into the specific program
(VivoLogic, Vivometrics, USA) for analyses.

We carried out a quantitative calibration (fixed volume
least squares calibration) to obtain the respiratory
inductive plethysmographic sum signal for the absolute
volume (mL). The breath-by-breath analysis was done
during 30 breaths (chosen according to the most stable
strength signal) in order to compare equal numbers of
breaths from each individual in each situation and
converted to mean values for statistical comparisons.

The BP analyses were assessed by volume measure-
ments, with tidal volume (Vt) and minute ventilation (VE)
and by thoracoabdominal coordination, represented by the
percent rib cage inspiratory and expiratory contribution to Vt
(%RCi and %RCe, respectively), which were obtained from
the ratio of the inspiratory or expiratory volume related to
the thoracic compartment by total tidal volume (that is, the
sum of the thoracic and abdominal compartment), at the
peak of inspiration or expiration, respectively (10).

The R-R interval (R-Ri) captured was reviewed by
visual inspection using the Polar Precision Performance
(Finland). A series containing sequential 300 R-Ri was
analyzed using Kubioss HRV analysis software 2.0 for
Windows (MATLAB, version 2 beta, Finland). HRV was
analyzed with linear statistical measures in time-domain
and through nonlinear statistical measures. Mean of RR
and heart rate (HR), standard deviation of all N-N normal
intervals (SDNN), and the square root of the mean
squared differences of successive RR (rMSSD) were
computed as linear statistical measures in time-domain, in

which the last two indices were representative of the
global HRV and parasympathetic modulation, respectively
(17). In addition, nonlinear statistical measures were calcu-
lated by standard deviation of Poincaré plot perpendicular
to the line-of-identity (SD1), which indicates parasympa-
thetic modulation (18).

Outcome
Therefore, the primary outcome of this study was the

BP at discharge time, during rest. The secondary outcome
included HRV also at discharge time, during the rest
position.

Statistical analysis
Statistical analyses were performed by an investigator

blinded to the experimental procedures. Analyses were
performed using the SigmaPlot software 11.0 (Systat
Software Inc., USA) and the Shapiro-Wilks test was used
to investigate the data distribution. Paired and unpaired
Student’s t-tests were used to compare continuous
variables within and between groups: age, anthropometry,
RIP variables, HRV variables, and clinical data and the
Fisher’s exact test was used to compare categorical
variables between groups: number of males, risk factors,
and medications. We compared both groups at baseline to
confirm that successful randomization had been achieved.
All the tests were two-sided and a P-value o0.05 was
considered statistically significant.

Results

Initially, 140 patients were considered eligible, but 86
were excluded due to several factors; thus, 54 patients
were randomized into CG (n=27) and CPG (n=27).
However, after randomization, 17 patients from each
group were excluded, and the final sample was composed
by 10 patients in the CG and 10 patients in the CPG
(Figure 1). The groups had a similar duration of the
protocol (around 5 days).

Table 2 shows the baseline, perioperative, and post-
operative clinical data of groups; no differences were
observed between groups in relation to age, number of
males, anthropometry, risk factors, medications, and
operative clinical data. Table 3 shows the RIP and HRV
variables in the preoperative situation and at discharge
time and it can be observed that no differences between
groups were present in the preoperative situation. Con-
cerning the discharge situation, HRV indexes of both
groups were similar. For RIP variables, the values of Vt
and VE were similar between groups, but %RCi and %
RCe were significantly lower in the CPG (Figure 2).

We also performed an intragroup analysis (preopera-
tive � post rehabilitation) for both groups (Table 3)
and observed that %RCi and %RCe variables in the CG
were similar between the situations. For the CPG, these
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variables were lower at discharge time compared to the
preoperative situation and this difference, although not
statistically significant, probably due to the small sample
size (P values of %RCi and %RCi were 0.05 and 0.06,
respectively), demonstrated that CPAP patients improved
their pattern compared to the preoperative period, which

did not happen in the control group. Concerning the HRV
variables, both groups presented lower values at dis-
charge time, compared to the preoperative, as expected.
In the delta values (post – pre situation) comparison
analyses between groups, no significant differences were
observed for the RIP and HRV variables.

Figure 1. Flowchart showing subjects’ participation in the study. n: number of patients; CG: control group; CPG: continuous positive
airway pressure group.

Table 2. Baseline, perioperative, and postoperative clinical data of groups.

Variables CG (n=10) CPG (n=10) P

Age (years) 55.8±6.1 58.3±8.4 0.46

Males (n) 8 4 0.17

Anthropometry

Height (m) 1.66±0.09 1.60±0.09 0.21

Weight (kg) 70.9±10.8 70.1±12.0 0.87

BMI (kg/m2) 25.8±3.0 27.4±4.7 0.38

Risk factors (n)

Smoking history 9 6 0.30

Hypertension 8 8 1.42

Diabetes mellitus 5 5 1.34

Medications (n)

Beta-blockers 10 8 0.47

ACE inhibitor 7 6 1.00

Calcium antagonists 1 – 1.00

Operative clinical data

CPBT (min) 47.5±16.5 60.5±18.5 0.12

ACCT (min) 28.5±12.0 33.2±10.8 0.37

Coronary artery grafts (n) 2.1±0.6 2.4±0.7 0.31

Data are reported as means±SD or absolute value. CG: control group; CPG:
continuous positive airway pressure group; n: number; BMI: body mass index;
ACE: angiotensin-converting enzyme; CPBT: cardiopulmonary bypass time;
ACCT: aortic cross-clamping time. The unpaired Student’s t-test and the Fisher’s
exact test were used for statistical analyses.
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Discussion

Our study aimed to evaluate the influence of long-term
use of CPAP, associated to the exercises, on BP and
HRV. Intervention consisted of a physiotherapy protocol of
standardized and progressive exercises associated or
not with CPAP as an adjunct of all physical exercises.

Our findings indicated that the group who received
a CPAP application had a better BP at discharge time
compared to those without noninvasive ventilation. Con-
cerning cardiac autonomic modulation, both groups
presented decreased HRV indices after surgery and at
discharge time, as expected by the impact of surgery on
cardiac autonomic modulation (7).

Many studies have demonstrated that the impairment
in pulmonary function after CABG is inevitable (19–21)
and may be associated to negative outcomes and
complications, such as pulmonary edema, pleural effu-
sions, atelectasis, and pneumonia (22). Moreover, the
perioperative and postoperative requirements of the
surgical procedure (cardiopulmonary bypass, thoracot-
omy, and pleural drainage) can affect the progression of
rehabilitation during hospitalization, contributing to pro-
longed immobilization.

For this reason, the importance of early inpatient
rehabilitation is emphasized in the literature and different
sorts of protocols have been studied and applied (10,11,
13,23–25). Noninvasive ventilation has also been recog-
nized as an important adjunct to physiotherapy, which is
applied at rest (10) and during exercises (5,15) after
cardiac surgery, with a variety of outcomes reported.
However, studies that examine the long-term effects of
CPAP after CABG on BP are still needed.

To the best of our knowledge, the present study is the
first to include the CPAP during all the physical exercises
of a rehabilitation program and to evaluate its long-term
effect on BP. In this context, we demonstrated that

Table 3. Respiratory inductive plethysmography and heart rate variability data during resting condition in preoperative (Pre) and
discharge situation (Post) for both groups.

CG (n=10) CPG (n=10)

Pre (means±SD) Post (mean±SD) P value intragroup Pre (mean±SD) Post (mean±SD) P value intragroup

RIP variables

Vt (mL) 550.5±151.4 591.5±222.6 0.48 574.6±152.8 557.5±127.5 0.78

VE (L/min) 10.4±3.5 15.0±6.4 0.02 12.8±4.0 15.3±3.3 0.09

%RCi 88.0±9.3 82.6±6.9 0.17 81.1±11.1 63.9±26.3* 0.05

%RCe 87.9±9.2 82.9±6.4 0.16 80.6±11.5 64.0±26.2* 0.06

HRV variables

Linear HRV

Mean RR, ms 898.9±127.6 613.0±100.5 o0.01 836.8±144.2 628.9±76.8 o0.01

SDNN, ms 14.6±6.1 6.2±4.1 o0.01 12.7±6.8 6.6±3.6 0.02

Mean HR, bpm 68.0±9.8 100.4±16.9 o0.01 73.7±12.5 96.8±12.5 o0.01

rMSSD, ms 15.8±9.5 6.7±4.8 0.03 13.6±8.2 8.0±4.4 0.08

Non-linear HRV

SD1, ms 11.2±6.7 4.8±3.4 0.03 9.6±5.8 5.7±3.1 0.08

Data are reported as means±SD. CG: control group; CPG: continuous positive airway pressure group; n: number; RIP: respiratory
inductive plethysmography; Vt: tidal volume; VE: minute ventilation; %RCi: percent rib cage inspiratory contribution to tidal volume; %
RCe: percent rib cage expiratory contribution to tidal volume; HRV: heart rate variability; RR: R-R intervals; SDNN: standard deviation of
all N-N normal intervals; HR: heart rate; rMSSD: square root of the mean squared differences of successive RR; SD1: standard
deviation of Poincaré plot perpendicular to the line-of-identity. *Po0.05 CPG vs CG in Post situation (unpaired Student’s t-test). P value
intragroup: paired Student’s t-test. No differences were observed between the groups in the preoperative situation.

Figure 2. Comparison of the respiratory inductive plethysmogra-
phy variables of the groups at discharge time. CG: control group;
CPG: continuous positive airway pressure group; Vt: tidal volume;
VE: minute ventilation; %RCi: percent rib cage inspiratory
contribution to tidal volume; %RCe: percent rib cage expiratory
contribution to tidal volume. Data are reported as means±SD
(n=10/group). The unpaired Student’s t-test was used.
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patients who received CPAP were discharged with lower
values of %RCi and %RCe, which represent a lower upper
ribcage inspiratory and expiratory contribution to Vt.

It is known that rib cage and abdomen contributions to
the Vt vary on each breath, that rib cage and abdomen
compartments are in phase in normal respiration, and the
measurement of their expansion can be used to assess
respiratory effort (26). Moreover, the movements of the
chest and abdominal wall during breathing can vary
according to the conditions studied, age, sex, and posture
adopted (10,27). However, although some conditions
contribute to an increase in the pulmonary rib cage or
abdominal excursion (such as verticalization and horizon-
talization, respectively), a high predominance of one
compartment motion may indicate a decrease in the other
compartment performance and may be associated with
asynchrony breathing (28). Thus, a higher ribcage con-
tribution to Vt can reflect a lower contribution of the abdo-
men, which can indicate a diminished diaphragmatic activity.

Some authors have studied the ribcage and abdominal
excursion during different conditions, confirming an
increase in abdominal motion during diaphragmatic
breathing. Lage et al. (29) evaluated the chest wall
volumes during some breathing conditions in patients
with heart failure, including inspiratory-loaded breathing
associated with diaphragmatic breathing and observed
that when diaphragmatic breathing was associated with
inspiratory loaded breathing, a higher volume in the
abdominal compartment was achieved, without significant
changes in other BP variables.

Vieira et al. (30) studied the influence of quiet breath-
ing and four breathing exercises (diaphragmatic breathing,
inspiratory sighs, sustained maximal inspiration, and
intercostal exercise) on BP and thoracoabdominal motion
in healthy subjects. They observed an increase in abdom-
inal contribution during diaphragmatic breathing, with a
consequent decrease of the rib cage contribution to Vt.

Few studies have analyzed the BP during noninvasive
ventilation. Our group demonstrated the acute effect of
CPAP on BP after CABG (10,15), with positive results of
this adjunct in thoracoabdominal synchrony. Soilemezi
et al. (31) studied the acute effects of CPAP of 10 cmH2O
on diaphragmatic kinetics and BP of healthy individuals.
Using RIP, they studied the rib cage and abdominal
compartment (the latter reflecting diaphragmatic motion).
They observed an increase in Vt with CPAP due to an
increase in the rib cage contribution to this Vt and no
significant change in abdominal motion and abdominal
contribution to Vt. According to the authors, the CPAP in
these healthy volunteers leads to lung overdistention and
recruitment of respiratory muscles, which could increase
the energy cost.

However, in the context of post CABG surgery, in
which mechanical disadvantages are present, with venti-
latory mechanics and BP alterations, our results are
especially important, considering that our patients, who

received CPAP throughout the whole rehabilitation pro-
gram, were discharged with a better BP, which could
indicate more synchronized breathing. Moreover, these
patients were also discharged with a better BP compared
to the preoperative period. A possible mechanism for the
results of our study may be related to the effects of CPAP,
which include respiratory musculature unloading and
decrease in physiologic work of breathing, with a greater
diaphragmatic performance during the respiratory cycle
that, although more pronounced acutely, could persist in
the long term.

In a previous study (15), we demonstrated that CPAP
acutely improved exercise tolerance and exertion per-
ception on the first day of walking, whereby patients
presented better BP, with lower values of %RCi and
%RCe, probably due to a decrease in the work of breath-
ing. Although we think that the most significant effect of
CPAP may occur in an acute application, mainly con-
sidering the first days after surgery, our results demon-
strated that patients submitted to a protocol including
CPAP throughout the whole rehabilitation program may
benefit with a more synchronized breathing, which could
also influence outpatient exercise tolerance and perfor-
mance. However, we did not evaluate the patients after
discharge to assess if the benefits of CPAP on BP
persisted for a longer time and were associated with other
outcomes. Nevertheless, the improvement of BP was a
favorable result, especially considering that the CPAP
patients improved their pattern compared to the preopera-
tive period, which did not happen in the control group.

Regarding the HRV outcomes, we did not observe
differences between the groups concerning the cardiac
autonomic modulation at discharge time. Both groups
presented significant alterations in cardiac autonomic
function after the surgery and were discharged with similar
values of variables representative of sympathetic and
parasympathetic modulation. We hypothesized that the
CPAP can only acutely modify cardiac autonomic modula-
tion, with no alterations in the long term. Moreover, both
groups performed a similar amount of physical exercises,
which has the potential to positively influence HRValready
demonstrated (13).

Our study had some limitations. We were unable to
blind the physical therapist to the type of treatment of both
groups; however, the analyst was blinded as to the
treatment group. Moreover, we did not analyze the subject
in the immediate postoperative period to verify the effect of
the CR on the outcome variables. We also did not
evaluate the patients after discharge to assess if the
effect of CPAP on the BP persisted for a longer time. Thus,
we are unable to speculate if the BP acquired during the
inpatient phase with the CPAP treatment could hasten
outpatient rehabilitation. Lastly, the small sample size was
an important limitation of our study and we think that
future studies with a greater number of participants are
necessary.
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In conclusion, the results of our study demonstrated
that patients of post-CABG surgery who received CPAP
application during all the exercises of an inpatient CR
program were discharged with a better BP, which could
indicate more synchronized breathing. Our findings may
have important clinical implications, mainly considering
the respiratory mechanical disadvantage after the surgery.
CPAP did not influence cardiac autonomic modulation in
the long term. Further research regarding this issue is
warranted.

Acknowledgments

We would like to thank all colleagues from the
Cardiopulmonary Laboratory and the staff at the Depart-
ment of Cardiac Surgery of the Santa Casa Hospital for
their support during the trial. We would like to thank all the
patients who participated in the study for their valuable
input. This study was supported by research grants
from Fundação de Amparo à Pesquisa do Estado de
São Paulo (FAPESP; grant numbers 2005/59427-7; 2009/
54194-5; 2015/12763-4; 2015/26501-1).

References

1. Head SJ, Kieser TM, Falk V, Huysmans HA, Kappetein AP.
Coronary artery bypass grafting: part 1--the evolution over
the first 50 years. Eur Heart J 2013; 34: 2862–2872, doi:
10.1093/eurheartj/eht330.

2. Modolo R, Chichareon P, Kogame N, Dressler O, Crowley A,
Ben-Yehuda O, et al. Contemporary outcomes following
coronary artery bypass graft surgery for left main disease.
J Am Coll Cardiol 2019; 73: 1877–1886, doi: 10.1016/j.jacc.
2018.12.090.

3. Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR,
Byrne JG, et al. 2011 ACCF/AHA Guideline for coronary
artery bypass graft surgery: executive summary: a report of
the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines.
Circulation 2011; 124: 2610–2642, doi: 10.1161/CIR.0b013e
31823b5fee.

4. Sá MPBO, Perazzo ÁM, Saragiotto FAS, Cavalcanti LRP,
Almeida Neto ACE, Campos JCS, et al. Coronary artery
bypass graft surgery improves survival without increasing
the risk of stroke in patients with ischemic heart failure in
comparison to percutaneous coronary intervention: a meta-
analysis with 54,173 patients. Braz J Cadiovasc Surg
2019; 34: 396–405, doi: 10.21470/1678-9741-2019-0170.

5. Windmöller P, Bodnar ET, Casagrande J, Dallazen F,
Schneider J, Berwanger SA, et al. Physical exercise
combined with CPAP in subjects who underwent surgical
myocardial revascularization: a randomized clinical trial.
Respir Care 2020; 65: 150–157, doi: 10.4187/respcare.
06919.

6. Mendes RG, Simões RP, Costa FSM, Pantoni CBF,
Di Thommazo L, Luzzi S, et al. Left-ventricular function
and autonomic cardiac adaptations after short-term inpatient
cardiac rehabilitation: a prospective clinical trial. J Rehabil
Med 2011; 43: 720–727, doi: 10.2340/16501977-0843.

7. Pantoni CBF, Mendes RG, Di Thommazo-Luporini L,
Simões RP, Amaral-Neto O, Arena R, et al. Recovery of
linear and nonlinear heart rate dynamics after coronary
artery bypass grafting surgery. Clin Physiol Funct Imaging
2014; 34: 449–456, doi: 10.1111/cpf.12115.

8. Borghi-Silva A, Mendes RG, Costa FSM, Di Lorenzo VAP,
de Oliveira CR, Luzzi S. The influences of positive
end expiratory pressure (PEEP) associated with physio-
therapy intervention in phase I cardiac rehabilitation.
Clinics 2005; 60: 465–472, doi: 10.1590/S1807-59322005
000600007.

9. Roncada G, Dendale P, Linsen L, Hendrikx M, Hansen D.
Reduction in pulmonary function after CABG surgery is
related to postoperative inflammation and hypercortisole-
mia. Int J Clin Exp Med 2015; 8: 10938–10946.

10. Pantoni CBF, Di Thommazo L, Mendes RG, Catai AM, Luzzi
S, Amaral- Neto O, et al. Effects of different levels of positive
airway pressure on breathing pattern and heart rate
variability after coronary artery bypass grafting surgery. Braz
J Med Biol Res 2011; 44: 38–45, doi: 10.1590/S0100-
879X2010007500129.

11. Zanini M, Nery RM, de Lima JB, Buhler RP, da Silveira AD,
Stein R. Effects of different rehabilitation protocols in
inpatient cardiac rehabilitation after coronary artery bypass
graft surgery: a randomized clinical trial. J Cardiopulm
Rehabil Prev 2019; 39: E19–E25, doi: 10.1097/HCR.0000
000000000431.

12. Liu JF, Lee HM, Chen JO, Fang TP, Chen YM, Lo CM, et al.
Benefits of multiple-intervention pulmonary rehabilitation to
older adults with high-risk multimorbidity after coronary
artery bypass grafting. Healthcare (Basel) 2020; 8: 368, doi:
10.3390/healthcare8040368.

13. Mendes RG, Simões RP, Costa FSM, Pantoni CBF, Di
Thommazo L, Luzzi S, et al. Short-term supervised inpatient
physiotherapy exercise protocol improves cardiac auto-
nomic function after coronary artery bypass graft surgery--
a randomized controlled trial. Disabil Rehabil 2010; 32:
1320–1327, doi: 10.3109/09638280903483893.

14. Gupta S, Donn SM. Continuous positive airway pressure:
Physiology and comparison of devices. Semin Fetal
Neonatal Med 2016; 21: 204–211, doi: 10.1016/j.siny.2016.
02.009.

15. Pantoni CBF, Di Thommazo-Luporini L, Mendes RG, Caruso
FCR, Mezzalira D, Arena R, et al. Continuous positive
airway pressure during exercise improves walking time in
patients undergoing inpatient cardiac rehabilitation after
coronary artery bypass graft surgery: a randomized con-
trolled trial. J Cardiopulm Rehabil Prev 2016; 36: 20–27, doi:
10.1097/HCR.0000000000000144.

16. Schulz KF, Altman DG, Moher D. CONSORT Group.
CONSORT 2010 statement: updated guidelines for report-
ing parallel group randomized trials. Ann Intern Med 2010;
152: 726–732, doi: 10.7326/0003-4819-152-11-201006010-
00232.

17. Heart rate variability: standards of measurement, physiolo-
gical interpretation, and clinical use. Task Force of European

Braz J Med Biol Res | doi: 10.1590/1414-431X2021e10974

Effect of CPAP on BP and HRV after cardiac surgery 7/8

http://dx.doi.org/10.1093/eurheartj/eht330
http://dx.doi.org/10.1016/j.jacc.2018.12.090
http://dx.doi.org/10.1016/j.jacc.2018.12.090
http://dx.doi.org/10.1161/CIR.0b013e31823b5fee
http://dx.doi.org/10.1161/CIR.0b013e31823b5fee
http://dx.doi.org/10.21470/1678-9741-2019-0170
http://dx.doi.org/10.4187/respcare.06919
http://dx.doi.org/10.4187/respcare.06919
http://dx.doi.org/10.2340/16501977-0843
http://dx.doi.org/10.1111/cpf.12115
http://dx.doi.org/10.1590/S1807-59322005000600007
http://dx.doi.org/10.1590/S1807-59322005000600007
http://dx.doi.org/10.1590/S0100-879X2010007500129
http://dx.doi.org/10.1590/S0100-879X2010007500129
http://dx.doi.org/10.1097/HCR.0000000000000431
http://dx.doi.org/10.1097/HCR.0000000000000431
http://dx.doi.org/10.3390/healthcare8040368
http://dx.doi.org/10.3109/09638280903483893
http://dx.doi.org/10.1016/j.siny.2016.02.009
http://dx.doi.org/10.1016/j.siny.2016.02.009
http://dx.doi.org/10.1097/HCR.0000000000000144
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
https://doi.org/10.1590/1414-431X2021e10974


Society of Cardiology and the North American Society of
Pacing and Electrophysiology. Circulation 1996; 93: 1043–
1065, doi: 10.1161/01.CIR.93.5.1043.

18. Tulppo MP, Mäkikallio TH, Takala TE, Seppänen T, Huikuri
HV. Quantitative beat-to-beat analysis of heart rate
dynamics during exercise. Am J Physiol 1996; 271: H244–
H252, doi: 10.1152/ajpheart.1996.271.1.H244.

19. Guizilini S, Gomes WJ, Faresin SM, Bolzan DW, Buffolo E,
Carvalho AC, et al. Influence of pleurotomy on pulmonary
function after off-pump coronary artery bypass grafting. Ann
Thorac Surg 2007; 84: 817–822, doi: 10.1016/j.athoracsur.
2007.04.062.

20. Guizilini S, Bolzan DW, Faresin SM, Ferraz RF, Tavolaro K,
Cancio AA, et al. Pleurotomy with subxyphoid pleural
drain affords similar effects to pleural integrity in pulmo-
nary function after off-pump coronary artery bypass
graft. J Cardiothorac Surg 2012; 7:11, doi: 10.1186/1749-
8090-7-11.

21. Guizilini S, Alves DF, Bolzan DW, Cancio ASA, Regenga
MM, Moreira RSL, et al. Sub-xyphoid pleural drain as a
determinant of functional capacity and clinical results after
off-pump coronary artery bypass surgery: a randomized
clinical trial. Interact Cardiovasc Thorac Surg 2014; 19: 382–
387, doi: 10.1093/icvts/ivu138.

22. Mali S, Haghaninejad H. Pulmonary complications following
cardiac surgery. Arch Med Sci Atheroscler Dis 2019; 4:
e280–e285, doi: 10.5114/amsad.2019.91432.

23. Højskov IE, Moons P, Hansen NV, La Cour S, Olsen PS,
Gluud C, et al. SheppHeartCABG trial-comprehensive early
rehabilitation after coronary artery bypass grafting: a
protocol for a randomised clinical trial. BMJ Open 2017; 7:
e013038, doi: 10.1136/bmjopen-2016-013038.

24. Torres DC, Dos Santos PMR, Reis HJL, Paisani DM,
Chiavegato LD. Effectiveness of an early mobilization
program on functional capacity after coronary artery bypass

surgery: a randomized controlled trial protocol. SAGE Open
Med 2016; 4: 2050312116682256, doi: 10.1177/205031211
6682256.

25. Moradian ST, Najafloo M, Mahmoudi H, Ghiasi MS. Early
mobilization reduces the atelectasis and pleural effusion in
patients undergoing coronary artery bypass graft surgery: a
randomized clinical trial. J Vasc Nurs 2017; 35: 141–145,
doi: 10.1016/j.jvn.2017.02.001.

26. Hirshkowitz M, Kryger MH. Monitoring techniques for
evaluating suspected sleep-disordered breathing. In: Kryger
MH (Editor), Sleep and breathing disorders from principles
and practice of sleep medicine. Philadelphia: Elsevier; 2017.
p 46–57.

27. Kaneko H, Horie J. Breathing movements of the chest and
abdominal wall in healthy subjects. Respir Care 2012; 57:
1442–1451, doi: 10.4187/respcare.01655.

28. Boulding R, Stacey R, Niven R, Fowler SJ. Dysfunctional
breathing: a review of the literature and proposal for
classification. Eur Respir Rev 2016; 25: 287–294, doi: 10.11
83/16000617.0088-2015.

29. Lage SM, Britto RR, Brandão DC, Pereira DAG, Andrade
AD, Parreira VF. Can diaphragmatic breathing modify chest
wall volumes during inspiratory loaded breathing in patients
with heart failure? Braz J Phys Ther 2018; 22: 452–458, doi:
10.1016/j.bjpt.2018.04.005.

30. Vieira DS, Mendes LP, Elmiro NS, Velloso M, Britto RR,
Parreira VF. Breathing exercises: influence on breathing
patterns and thoracoabdominal motion in healthy subjects.
Braz J Phys Ther 2014; 18: 544–552, doi: 10.1590/bjpt-
rbf.2014.0048.

31. Soilemezi E, Koco E, Tsimpos C, Tsagourias M, Savvidou S,
Matamis D. Effects of continuous positive airway pressure
on diaphragmatic kinetics and breathing pattern in healthy
individual. Respirology 2016; 21: 1262–1269, doi: 10.1111/
resp.12823.

Braz J Med Biol Res | doi: 10.1590/1414-431X2021e10974

Effect of CPAP on BP and HRV after cardiac surgery 8/8

http://dx.doi.org/10.1161/01.CIR.93.5.1043
http://dx.doi.org/10.1152/ajpheart.1996.271.1.H244
http://dx.doi.org/10.1016/j.athoracsur.2007.04.062
http://dx.doi.org/10.1016/j.athoracsur.2007.04.062
http://dx.doi.org/10.1186/1749-8090-7-11
http://dx.doi.org/10.1186/1749-8090-7-11
http://dx.doi.org/10.1093/icvts/ivu138
http://dx.doi.org/10.5114/amsad.2019.91432
http://dx.doi.org/10.1136/bmjopen-2016-013038
http://dx.doi.org/10.1177/2050312116682256
http://dx.doi.org/10.1177/2050312116682256
http://dx.doi.org/10.1016/j.jvn.2017.02.001
http://dx.doi.org/10.4187/respcare.01655
http://dx.doi.org/10.1183/16000617.0088-2015
http://dx.doi.org/10.1183/16000617.0088-2015
http://dx.doi.org/10.1016/j.bjpt.2018.04.005
http://dx.doi.org/10.1590/bjpt-rbf.2014.0048
http://dx.doi.org/10.1590/bjpt-rbf.2014.0048
http://dx.doi.org/10.1111/resp.12823
http://dx.doi.org/10.1111/resp.12823
https://doi.org/10.1590/1414-431X2021e10974

	title_link
	Introduction
	Material and Methods
	Study design
	Patients
	Intervention

	Table  Table 1. Cardiovascular rehabilitation program applied to the groups from postoperative day one until hospital discharge
	BP and HRV analysis
	Outcome
	Statistical analysis

	Results
	Figure 1.
	Table  Table 2. Baseline, perioperative, and postoperative clinical data of groups
	Discussion
	Table  Table 3. Respiratory inductive plethysmography and heart rate variability data during resting condition in preoperative lparPrerpar and discharge situation lparPostrpar for both groups
	Figure 2.
	Acknowledgments

	REFERENCES
	References


