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Abstract

Cardiovascular diseases are considered one of the main causes of death in the world and one of the forms of treatment is cardiac surgery,
including myocardial revascularization. After the good results, the surgery is related to pulmonary complications, causing respiratory muscle
dysfunction, loss of muscle strength and decreased lung capacities and volumes. Physiotherapy uses several techniques and inspiratory muscle
training emerges as a technique that aims to improve respiratory muscle strength and endurance. The aim of this study was to describe the effects
and importance of inspiratory muscle training in the treatment of pulmonary dysfunction in the postoperative period of coronary artery bypass graft
surgery. This is a systematic literature review, carried out with controlled and randomized clinical trials, indexed in the Cochrane Library, Lilacs,
PEDro, Pubmed and SciELO databases, published between 2009 and July 2021 in Portuguese, English and Spanish. 08 articles make up this review.
It was concluded that inspiratory muscle training, although there is no specific protocol on how to perform it, proved to be a safe, easy to apply
and effective technique in the treatment of pulmonary dysfunctions and of paramount importance for rehabilitation in the postoperative period of

revascularization of the myocardium.

Keywords: Myocardial revascularization; Breathing exercise; Endurance training; Physiotherapy techniques; Respiratory muscles; Breathing

exercises; Respiratory therapy

Introduction

Cardiovascular diseases (CVD) are a group of diseases affecting
the heart and blood vessels, constituting a major cause of death and
hospitalization in the world [1]. Among the pathologies, there is
coronary artery disease (CAD), characterized by the interruption of
the blood supply to the heart through the coronary arteries, which
constitutes a large index of deaths and hospital costs, with about
250 thousand hospitalizations and one thousand deaths in the year
of 2015 [2,3]. Coronary artery bypass grafting (CABG) is one of the

@ @ This work is licensed under Creative Commons Attribution 4.0 License | O0JCRR.MS.ID.000620.

forms of treatment despite the good results may favor the emergence
of various postoperative complications, pulmonary being among
the most common and frequent [4,5]. These complications can be
caused by factors such as use of extracorporeal circulation (ECC),
anesthesia, thoracotomy or sternotomy, use of chest drains, patient
hemodynamic status, type and duration of surgery, pain and
application of pleural drains6, among other factors, that generate

changes in lung volumes and capacities, as well as dysfunction of
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the respiratory muscles. These dysfunctions promote a reduction
in lung volumes and capacities, changes in blood oxygenation
values and, above all, reduction in chest expansion, favoring the

development of atelectasis and pneumonia [6,7].

Respiratory rehabilitation is increasingly being requested in
order to prevent, minimize or reverse respiratory complications
from cardiac surgery [7-9]. It has varying duration and frequency,
depending on individual needs, preferences and institutional
protocols. There are several techniques such as ventilatory patterns,
incentive spirometry, deep breathing exercises, early ambulation,
positioning, cough stimulation and inspiratory muscle training
(IMT) with linear pressure, which is performed using a device with
a predetermined pressure, where the patient performs inspirations
against resistance, being the Threshold® IMT and POWERbreath®
the most used devices [7-10].

It is an easy-to-apply and extremely important technique in the
postoperative period (PO) of patients undergoing CABG surgery,
as it promotes muscle strengthening and increased functional
capacity. Although there is still no specific protocol on how to
perform the IMT, studies have shown it to be effective for the
treatment of pulmonary disorders in the PO of cardiac surgery, some
authors report a protocol that consists of using 30% to 40% of the
inspiratory pressure maximum (MIP), with 3 sets of 10 repetitions
and frequency from 01 to 02 times a day [11,12]. Intensive IMT
using the Threshold® IMT device with a linear load of 30% of
the MIP, with progressive increase, promotes the strengthening
and endurance of the respiratory muscles and, consequently, a
reduction in the risk of developing respiratory complications [13].
Another linear load device used in TMI is the POWERbreath®,
which through the resistance imposed by means of springs or
an electronic valve, promotes an increase in respiratory muscle
strength and endurance. The TMI with load from 50% of the PImax
through POWERbreath® is able to potentiate the effects of cardiac
rehabilitation even applied for short training periods [14,15].

Because of the pulmonary dysfunction and its consequences
caused the PO of patients undergoing CABG surgery, respiratory
therapy through IMT, has been effective and widely used to improve
the clinical condition of these patients. Therefore, this review aimed
to understand the effects of applying IMT in the PO and describe the
protocols used to improve respiratory muscle strength, functional

capacity and quality of life of patients undergoing CABG surgery.

Methodology

The present study is characterized as a systematic literature

review.

Search strategy

Performed with analytical and descriptive original articles
published in indexed journals in databases Cochrane Library, Lilacs,
PEDro, Pubmed and SciELO, from 2009 to July 2021, they were used

Citation: Vinicius Afonso Gomes, Sidney de Souza Oliveira. Inspirational Muscle Training with Linear Device in Post-Operative Myocardial
Revascularization: Systematic Review. On ] Cardio Res & Rep. 5(4): 2021. OJCRR.MS.ID.000620. DOI: 10.33552/0JCRR.2021.05.000620.

in crossing the following keywords: Myocardial revascularization,

Respiratory exercise, Endurance Training, Physiotherapy
Techniques, Respiratory Muscles, Respiratory Therapy and its

correlates in English and Spanish.

Selection of studies

To compose the results and discuss this study, the studies that
met the inclusion criteria were selected: a) Original analytical and
descriptive studies; b) published between 2009 and July 2021; c)
studies that used IMT with a linear device as a form of intervention.
The following were excluded: a) review articles, doctoral theses,
master’s dissertations, and case reports; b) studies that used
patients undergoing combined CABG; c) studies that used IMT
in the preoperative period; d) studies that did not describe the

intervention carried out with the participants; e) duplicate studies.

Research mechanism

The review was developed by two independent authors who
researched and evaluated the studies for inclusion. The results
considered for the analysis of the effects of the influence of IMT
on the treatment of pulmonary dysfunction in the postoperative
period of CABG surgery were maximal inspiratory pressure (MIP),
maximal expiratory pressure (MEP), expiratory flow pressure
(PEF), tidal volume (VT), functional capacity, pulmonary function

test and muscle strength test.

Selection and data extraction

In order to bring the findings closer to what the research
proposed, the screening of studies was initially performed by
applying the following filters: full text, randomized clinical trials,
year of publication 2009 to July 2021, languages Portuguese, English
and Spanish and after reading the titles, from that, the abstracts
of the articles dealing with the proposed theme were read. After
analyzing whether the articles met the research inclusion criteria,
the studies were selected for full reading and reassessment of the
proposed criteria. Finally, data extraction was performed according
to the following criteria: a) author and year of publication, b)
objective of the study, c) participants (number of individuals, age

and sex), d) intervention and e) results.

Quality assessment

The methodological quality of the studies was assessed using
the PEDro scale that even consisting of 11 criteria, only 10 are
scored, as the first item (specifying the eligibility criteria) is not
included in the total score, reaching the maximum score of 10
(range from 0 to 10). The mean PEDro score of the studies included

in this review was 5, as described in (Table 1).

Result

After crossing the descriptors and applying the filters through
electronic search, at first 10,562 studies were found, with 4,895 in
the Cochrane database, 131 in Lilacs, 845 in PEDro, 4,627 in PubMed
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and 64 in the SciELO database. From the delimitation of the filters, and 10 were excluded for being duplicates of other databases. In
the analysis of the titles was carried out, remaining for full reading this context, after a complete reading of the selected studies, 08
27 potentially relevant studies. Of these, after reading the abstracts, articles make up this review, with 06 articles in English and 02 in

09 were excluded for not meeting the research eligibility criteria Portuguese (Figure 1).

Studies after the
exclusion criteria
10.536 Studies
|
| | | |
After delimiting the Studies excluded after Did not meet the Duplicate
filters reading inclusion criteria b I“_ 8
27 Studies 19 Studies 09 Studies 10 Studies
Studies found after the
search strategy
10,562 Studies
|
| I 1 [ 1
COCHRANE Lilacs PEDro PubMed Scielo
4895 Studies 131 Studies 845 Studies 4.627 Studies 64 Studies
Estudos que compde esta revisdo
08 estudos
Figure 1: Flow chart of screening and selection of studies.

The 08 selected studies were evaluated on the PEDro scale 8. measurement of at least one key outcome in 85% of the allocated
according to the following criteria: 1. specification of eligibility  subjects; 9. intention-to-treat analysis; 10. comparison between
criteria (item not scored in the final score); 2. random allocation of  groups of at least one key outcome; 11. The study presents both
the sample; 3. blind distribution of people; 4. similarity of groups;  precision measures and variability measures for at least one key
5. blinding of the subjects participating in the study; 6. blinding of  outcome. The studies selected and evaluated on the PEDro scale are

those responsible for the intervention; 7. blinding of the evaluator;  shown in (Table 1).

Table 1: Presentation of the score of the selected articles, according to the PEDro scale.

Barros, et al. [20] 1 1 0 1 0 0 0 0 0 1 1 4/10
Matheus, et al. [21] 1 1 0 1 0 0 0 0 0 1 1 4/10
Hermes, et al. [22] 1 1 0 1 0 0 1 1 0 1 1 6/10
Miozzo, et al. [25] 1 1 1 1 0 0 0 0 0 1 1 5/10

Santos, et al. [18] 1 1 0 1 1 0 1 1 1 1 1 8/10

Zanini, et al. [23] 1 1 1 1 0 0 1 1 0 1 1 7/10
Cordeiro, et al. [27] 1 1 0 1 0 0 0 1 0 1 1 5/10
Cordeiro, et al. [24] 1 1 0 1 1 0 0 1 0 1 1 6/10

C: quality criterion on the PEDro scale; 0: negative score for the criterion; 1: positive score for the criterion. *Criterion 1 is not computed in the final

score.
Participants Intervention
There were a total of 288 participants in the 08 studies, with a Among the selected studies, 05 performed the intervention

mean age between 54 and 67 years, the majority being male. In 06  during the hospital period and 03 during the Cardiac Rehabilitation
studies, 181 men and 89 women participated, and 01 study did not (CR) period, as follows: 02 started after weaning from invasive

specify the gender of the included sample. mechanical ventilation; 02 applied on the first PO day; 02 during
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the RC program, and; 01 applied in the PO, but did not specify the In the studies carried out during the CR phase, 02 studies
starting day. As for the equipment used in the intervention, 05
studies used the Threshold® IMT and 03 the POWERbreathe®.

The training protocols during the hospital period used initial

performed the initial training protocols using 50% of the MIP
progressing over the weeks and the sessions lasted around 12
weeks. The control group received aerobic and resistance exercises.
pressures that ranged between 10% and 40% of MIP, the frequency  One study used a load of 30% of PImax performing 03 sets of 10
performed ranged from 01 to 02 times a day and consisted of 03  repetitions and only one study did not specify the load and duration

sets ranging from 10 to 15 repetitions. The control group received  of the training protocol. The main characteristics and results of the

conventional physical therapy according to the hospital routine.

Table 2: Clinical characteristics of the studies selected for this review.

Barros, et al. [20]

To demonstrate the loss of
ventilatory capacity in the PO
in patients undergoing CABG

and demonstrate that the
TMR performed after surgery
can improve ventilatory capa-

city in this population.

CG = 15 patients (mean age 67
years);
EG = 23 patients (mean age 62
years), undergoing CABG with ECC.

Assessment: MIP, MEP, dyspnea,
pain, PEF and CV.

CG: Conventional physiothe-
rapy;

GE: Conventional physiothe-
rapy + TMR with Threshold
IMT®, with a load of 40%
of the PImax, in 3 sets of 10
repetitions 1x/day, during all
days of hospitalization in the
PO period.

08 studies used in this review are summarized in (Table 2).

TMR was effective in
restoring MIP, MEP, PEF
and CV. There were no di-
fferences between groups
with regard to days of
hospitalization, dyspnea
or pain.

Matheus, et al. [21]

Evaluate lung function and
respiratory muscle strength
and verify the effect of TMI
on measures of respiratory
muscle performance in the
PO of CABG
surgery.

CG = 24 patients (mean age 63
years);
EG = 23 patients (mean age 61
years), diagnosed with chronic
coronary insufficiency and un-
dergoing CABG with CPB, through
median sternotomy.

Assessment: MIP, MEP, CV, VC and
PEFE.

CG: Conventional physiothe-
rapy;
GE: Conventional physiothera-
py and IMT with Threshold®
IMT 02x/day with 03 sets of
10 repetitions with 40% of
MIP.

IMT was effective in reco-
vering CV and VC on the
3rd PO day in the trained

group.

Hermes, et al. [22]

To investigate the short-term
efficiency of IMT associated
with combined aerobic and
resistance exercises in RMS,
functional capacity and QOL

in patients undergoing CABG

and in a phase II CR program.

CRG = 12 patients (mean age 59
years);
CRG + IMT = 12 patients (mean age
55 years), undergoing CABG and
the phase Il CR program.

Assessment: MIP, MEP, VO2peak,
QL.

CRG: Aerobic and resistance
training associated with dia-
phragmatic stimulation and
fractional breathing patterns;
CRG+IMT: Aerobic and
resistance training + IMT with
Threshold® IMT in 03 sets of
10 repetitions with a load of
30% of the MIP.

The CRG + IMT showed
improvement in MIP, MEP,
VO2peak and QL even in a

short training period.

Miozzo, et al. [25]

To evaluate the interaction
between high-intensity IMT
and aerobic exercise on phy-
sical capacity, RMS, periphe-
ral muscle strength and QoL

of patients undergoing CABG.

AEG = 9 patients;
AEG + IMT = 9 patients, both with
a mean age of 57 years, under-
going elective CABG and CR.

Assessment: 6MWT, MIP, MEP,
peripheral muscle strength, QL,
VO2peak.

EAG: Aerobic training for 12
weeks with an average dura-
tion of 40 minutes;

EAG + IMT: High intensity IMT
with POWERbreathe® in 05
sets with 10 repetitions and
load of 50% of the MIP until
the 8th week progressing to
80% until the end of the pro-
tocol + aerobic training.

Both groups had signifi-
cant improvements in all
variables analyzed, howe-
ver, baseline characteris-
tics were similar between
groups.

Santos, et al. [18]

To investigate the effects
of IMT + moderate to high
intensity conventional
training on exercise capacity,
RMS, inspiratory muscle
endurance, QL and laboratory
biomarkers in patients after
CABG undergoing phase Il
CR.

IMT + CT = 12 patients (mean age
55 years); Sham-IMT = 12 patients
(mean age 56 years), undergoing
CABG and on the waiting list for
phase II of CR.

Assessment: VO2peak, 6MWT, MIP,
MEP, QL,
peripheral muscle strength, labo-
ratory biomarkers.

IMT + CT = IMT with
POWERbreathe® 2x/week
for 12 weeks with 05 sets of
10 repetitions with an initial
load of 50% of the MIP for
2 weeks, progressing in the
following weeks to 80% of the
MIP + aerobic and resistance
exercises.
Sham-IMT + CT = IMT with
POWERDbreathe® in 5 sets of
10 repetitions with a constant
load of 09 cmH20 throughout
the protocol.

The IMT + CT group
showed significantly
greater improvements in
VO2peak, 6MWT, MIP and
FRAP
compared to the sham-
-IMT
+ CT group.

Citation: Vinicius Afonso Gomes, Sidney de Souza Oliveira. Inspirational Muscle Training with Linear Device in Post-Operative Myocardial
Revascularization: Systematic Review. On ] Cardio Res & Rep. 5(4): 2021. OJCRR.MS.ID.000620. DOI: 10.33552/0JCRR.2021.05.000620.

Page 4 of 8


https://dx.doi.org/10.33552/OJCRR.2021.05.000620

Online Journal of Cardiology Research & Reports Volume 5-Issue 4

G1: IMT with Threshold® IMT

G1 =10 patients (mean age 58 + upper limb and lower limb

years); active exercise + progressive
G2=10 patle:at:sgr'nean age 56 . cjlj\tglig:;l]at}?:ical The baseline characteris-
Evaluate the effects of diffe- G3=10 atiz;nts (r’nean age 59 thera p y tics were similar between
rent rehabilitation protocols =P g py; . the groups and the use
years); G2: Upper and lower limb

of IMT Threshold® not
appear to influence the
variability of MIP in the

Zanini, et al. [23] on the functional capacity
and pulmonary function of

patients undergoing CABG.

G4 = 9 patients (mean age 61
years) undergoing elective CABG

active exercise + progressive
early ambulation + conventio-

surgery. nal physical therapy; .
s G3: IMTI-)r c};)nventiona]lJ);)hysi- groups submitted to IMT.
Assessment: 6MWT, FVC, FEV1, cal therapy;
MIP, MEP. G4: Conventional physiothe-
rapy.

IMT-C: IMT with PowerBrea-
the® with 40% of MIP in 03
sets with 15 repetitions, 02x/

IMT-C = 21 patients (mean age 62

To investigate whether IMT years)

based on the anaerobic IMT-LA = 21 patients (mean age 61 | day until hospital discharge. Tagfelgiﬁijrenc}zoentﬁel‘l‘g:ss

Cordeiro, et al. [27] threshold modifies heart rate | years), undergoing CABG with CPB | IMT-LA: IMT based on AT with of HR and IMS and reduce
’ ’ and inspiratory muscle stren- and median sternotomy. aload of 10% of MIP increa- the length of stay in pa-

gth in patients undergoing sing until the patient is unable tients undergoing CABG.

CABG. Assessment: MIP, MEP, VC, PEF,

6MWT, length of hospital stay.

to continue, in 03 sets with
15 repetitions, 02x/day until
hospital discharge.

CG: ambulation, breathing
exercises, cycle ergometry and
kinesiotherapy; IMTG: IMT
with Threshold IMT® with a
load corresponding to 40%
of MIP, performing 03 sets of
10 repetitions, 02 times a day

There was a significant
reduction in all variables,
in relation to MIP, IMT had

CG =19 patients (mean age 57

To investigate whether the years). GTMI = 19 patients (mean

IMT with a linear pressure

load device is superior to age.55 years). until h.os.pltal .dlschar.ge. a higher value in the PO;
. N . L GII = 18 patients (mean age 54 I1G: Training with the ins- .
Cordeiro, et al. [24] the inspiratory incentive in . . The same behavior was
- . years). piratory flow stimulator, .
the functional capacity and performing maneuvers with observed in MEP;
muscle strength of patients Assessment: MIP, MEP, PEF, 6MWT deep inspirations and with In relation to the 6MWT’
undergoing CABG. . o there was less loss in the
and FIM. the highest peak inspiratory IMT

flow possible, aiming to reach
aload equivalent to 50% of
MIP, with 30 inspirations and
02 times a day until hospital
discharge.

AEG: Aerobic Exercise Group; AL: Anaerobic Preliminary; CABG: Myocardial Revascularization; APDA: Antioxidant Power Determination Assay;
CG: Control Group; CmH20: Centimeters of Water; CR: Cardiac Rehabilitation; CRG: Cardiac Rehabilitation Group; CRP: cardiorespiratory reha-
bilitation program; CT: Combined Training; CV: Current Volume; ECC: Extracorporeal circulation; EG: Experimental Group; FIM: Functional Inde-
pendence Measure; FVC: Forced Vital Capacity; FEV1: forced expired volume of first second; G1: Group 1; G2: Group 2; G3: Group 3; G4: Group 4;
HR: Heart Rate; IG: Intervention Group; IIG: Inspiratory Incentive Group; IMS: Inspiratory Muscle Strength; IMT: Inspiratory Muscle Training; IMT-C:
Inspiratory-Conventional Muscle Training; IMTG: Inspiratory Muscle Training Group; IMT-LA: Anaerobic Threshold Based Inspiratory Muscle Train-
ing; MEP: Maximum Expiratory Pressure; MIP: Maximum Inspiratory Pressure; MMII: Lower limbs; MMSS: Superior Members; PO: Postoperative;
POWERDbreathe®: High-tech Respiratory Muscle Training Device; QL: Quality of Life; RMS: Respiratory Muscle Strength; RMT: Respiratory Muscle
Training; SatOz: oxygen saturation; Sham-TMI: False-TMI; 6MWT: 6-Minute Walk Test; Threshold IMT®: Linear Pressure Device for Inspiratory

Muscle Training; VOzpeak: peak oxygen consumption; VC: Vital Capacity.

lung function, functional capacity and, consequently, their quality
of life [17-19].

Discussion

Even with attempts to minimize the deleterious effects on lung

function, patients undergoing cardiac procedures often experience
respiratory system dysfunction such as reduced lung function,
inspiratory muscle strength, peak expiratory flow with lung function
tending to remain from 25 to 30 % lower even after 03 and a half
months after surgery16. Other authors have already demonstrated
that IMT is a safe and viable resource for the rehabilitation of
patients in the Intensive Care Unit, regardless of whether they are
on invasive mechanical ventilation, helping to gain strength in the

inspiratory muscles, especially in diaphragm activation, improving
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By presenting a decrease in parameters such as MIP, MEP, PEF
and CV, physiotherapy through respiratory muscle training (RMT)
proves to be effective in promoting the reestablishment of these
parameters and optimizing the clinical picture of these patients
[20-22]. Of the analyzed studies, 05 used the linear resistor
Threshold® IMT oscillating from 01 to 03 daily sessions with an
adjusted load of up to 45% of the MIP and 03 studies used the linear
resistor POWERbreath® with a protocol time of around 12 weeks
and a load of up to 80% of MIP.
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Aiming to demonstrate that the IMT performed in the PO
of CABG surgery could improve VC, Barros, et al. [20] evaluated
23 patients with a mean age of 62 years and used the IMT with
Threshold® IMT in 3 sets of 10 repetitions, 01 times a day, with
40% of MIP until hospital discharge and found that this protocol
was effective in improving MIP, MEP, PEF and CV in the studied
population when compared to the control group that underwent
only conventional physical therapy. Similar results were found by
Matheus, et al. [21] that aiming to evaluate the effects of TMI with
Threshold® IMT on the performance of respiratory muscles in the
PO of CABG, evaluated 23 patients with a mean age of 61 years
with the protocol consisting of 3 series with 10 repetitions, twice
a day, with 40 % of MIP, after the intervention, it found significant
improvements in MIP, MEP, CV, VC and PEF on the 3rd PO day in
the studied group. Reinforcing the idea that TMI using Threshold®
IMT improves some variables, Hermes, et al. [22] investigated
the efficacy of short-term IMT associated with combined aerobic
and resistance exercises, for this they submitted 12 patients with
a mean age of 55 years to IMT using the Threshold® IMT to the
protocol containing 3 sets of 10 repetitions, with a load of 30% of
the MIP, the results showed improvement in MIP, MEP, VO2peak and
QL. Corroborating the studies already reported, Zanini, et al. [23],
when evaluating the effects of various rehabilitation protocols,
found that patients undergoing IMT with the use of Threshold®
IMT had an increase in MIP, MEP, FLC, distance covered in the
6MWT and increase in VO2Peak after 30 days of training, but the
results indicated in their study regarding the outcome of lung
capacity, showed that it was not possible to observe changes in
the variability of the MIP values of the two groups that underwent
the intervention compared to the groups that did not undergo
IMT. All groups showed a decline in pulmonary functions in the
immediate postoperative period, however, 30 days after hospital
discharge, the values of all groups were similar to those obtained
in the preoperative period, with no significant difference in the
variables analyzed between the groups. Although the sample was
homogeneous, the load and duration of the IMT protocol was not
specified. In the most recent study, with the objective of verifying
which type of IMT device is most effective in reducing the impact
on functional capacity, pulmonary complications, functionality,
pulmonary function and length of hospital stay, Cordeiro, et al.
[24] compared the Threshold IMT® with the flow booster, the
results showed that a IMT program using a linear pressure load
device (Threshold IMT®) with a load corresponding to 40% of
the MIP, performing 03 sets of 10 repetitions, 02 times a day until
hospital discharge was superior to flow stimulator to minimize
the loss of functional capacity, reduce postoperative complications
and decrease functionality and worsen lung function, especially
inspiratory muscle strength, and shorten the time of permanence
of this population studied.

Although the articles that used the Threshold® IMT linear

Citation: Vinicius Afonso Gomes, Sidney de Souza Oliveira. Inspirational Muscle Training with Linear Device in Post-Operative Myocardial
Revascularization: Systematic Review. On ] Cardio Res & Rep. 5(4): 2021. OJCRR.MS.ID.000620. DOI: 10.33552/0JCRR.2021.05.000620.

resistor did not apply a specific protocol, and each study adopted
a different method, all had an improvement in the OP when
compared to the control group. Barros, et al. [20] evaluated the
ventilatory capacity in the PO of CABG surgery and described that
the measurements of MIP, MEP, TV and peak expiratory flow had
a significant decrease on the first PO day in both groups, but the
variables in the group that underwent respiratory muscle training
returned to baseline preoperative values at discharge. The role
of the physiotherapist in the PO of CABG is quite extensive and
effective, through the IMT with the use of linear pressure devices,
it can bring improvements and benefits in the ventilatory and
functional capacity of these patients, whether in the hospital or

convalescent period.

The POWERbreath® (HaBLtd, UK) is another device used in
TMI, it uses resistance imposed by means of springs or an electronic
valve, promoting an increase in respiratory muscle strength
and endurance. It is a specific portable device for IMT improves
inspiratory muscle function in healthy patients or those with
respiratory dysfunction, including decreased inspiratory muscle
strength. The equipment uses a fast-response and/or electronically
controlled valve that generates resistance to inspiration and
training against this resistance makes the inspiratory muscles
stronger and more resistant to fatigue. Adaptation to dynamic
changes in respiratory muscle strength occur during breathing, and
can adapt automatically at the beginning of each session treatments
[12].

Therefore, Miozzo, et al. [25] test that their study was the first to
assess the association of the use of high-intensity IMT with aerobic
exercise in the PO of patients undergoing CABG. Despite observing
significant improvements in all evaluated outcomes, it found that
there were no additional gains. This result is due to the fact that
it was necessary to increase the sample and a control group that
did not perform any type of intervention, so that the results could
be compared more effectively. The study evaluated the interaction
between high-intensity IMT and aerobic exercise in patients
between the 14th and 30th postoperative day. After 12 weeks of
intervention, he found that baseline characteristics were similar
between groups and that there were no significant differences
between the group that performed only aerobic exercise and the
group that performed the intervention with the IMT. There was an
improvement in all the variables analyzed in both groups, however,
even in their study, the IMT was not able to provide additional
benefits in most of the variables analyzed, it was possible to observe

results in the inspiratory muscle strength.

On the other hand, the results obtained in the study by Santos,
et al. [26] when performing IMT + aerobic and resistance training,
found that the IMT provided significantly greater improvements
and additional benefits in exercise capacity, inspiratory muscle

strength, QL and antioxidant profile in patients undergoing the
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intervention protocol. For Santos, et al. [26] who investigated the
effects of IMT + moderate to high intensity combined training on
exercise capacity, respiratory muscle strength, inspiratory muscle
resistance, quality of life and laboratory biomarkers in patients
in the PO of CABG surgery undergoing phase II of the cardiac
rehabilitation program, submitted 12 patients with a mean age of
55 years to IMT with the use of POWERbreathe® 02 times a week
for 12 weeks with 5 sets of 10 repetitions with an initial load of
50% of the MIP for 2 weeks, progressing in the following weeks
up to 80% of MIP + aerobic and resistance exercises, the results
showed that there were significant improvements in VOZ2peak,
6MWT, MIP and MEP. Cordeiro’s study by Santos, Cordeiro, et al.
[27] started the training protocol on the first PO day until hospital
discharge in the two intervention groups, both groups were trained
with the POWERbreath® linear load device, performing 3 series
with 15 repetitions 2 times a day. The IMT-conventional group was
submitted to a load of 40% of the MIP and the IMT group based
on the anaerobic threshold (IMT-LA), after being submitted to
exercises according to the glycemic threshold, was trained using
an initial load of 10% of MIP increasing the load until the patient
was unable to continue. This load increase was performed from the
capillary blood glucose assessment assessed at the end of each load
increase. Despite a similar protocol between the groups in your
study, it was found that the patients in the IMT-LA group used a
lower load than the IMT-conventional group as they had a threshold
of 20% of MIP and the limit of these patients was reached in around
35% of the increased load. There was a reduction in the loss of the
IMF, functional capacity and length of hospital stay in the group
undergoing IMT-LA.

The use of the Powerbreathe® device in hospital and
intensive care settings has been the subject of research by several
physiotherapists and the results can bring important benefits
to patients. The IMT with load from 50% of the PImax through
POWERbreath® is able to potentiate the effects of cardiac

rehabilitation even applied for short training periods.

Conclusion

In the present study, the IMT with the use of linear devices
such as the Threshold® IMT and the POWERbreath®, proved to
be beneficial, showing positive results and clinical improvement of
the analyzed variables, regardless of the protocol used. The results
presented in this review show the beneficial effects of IMT in the
PO of CABG, being a safe technique, easy to apply and capable of
promoting improvements in several parameters, contributing to
the improvement of clinical and functional aspects and reduction
of pulmonary complications resulting from surgery. However, there
is not yet in the literature, many scientific evidence indicating that
load better, sets, reps, and frequencies to be applied, either the
physiological effects on the muscles involved in the inspiratory

process. Thus, further studies are needed to better define the ideal
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principles of their application and standardizing protocols for

performing IMT in these patients.
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