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Abstract

Introduction: Coronary artery bypass grafting (CABG) surgery is associated with a decline in ventilatory muscle
strength and lung function. Inspiratory muscle training (IMT) based on anaerobic threshold (AT) has been used to
minimize the impact of CABG on these parameters, but the long-term impact is unknown.

Objective: To test the hypothesis that AT-based IMT improves inspiratory muscle strength and lung function even
six months after CABG.

Methods: This is a randomized controlled clinical trial. In the preoperative period, maximum inspiratory pressure
(MIP), maximum expiratory pressure (MEP), vital capacity (VC) and peak expiratory flow (PEF) rate were assessed.
On the first postoperative day, patients were randomized into two groups: AT-based IMT (IMT-AT) (n=21) where the
load was prescribed based on glycemic threshold and conventional IMT (IMT-C) (n=21), with load of 40% of MIP.
Patients were trained during hospitalization until the day of discharge and were assessed at discharge and six months
later. For within-group comparison, paired Student's t-test or Wilcoxon test was used, and independent Student's
t-test or the Mann-Whitney test was used to analyze the different time points. A p<0.05 was considered significant.

Results: At six months after CABG surgery, statistical difference was found between the IMT-AT and the IMT-C
groups in MIP (difference between the means of -5cmH2; 95% CI=- 8.21to0-1.79) and VC (difference between the
means of -2ml/kg;95%CI=-3.87t0-0.13). No difference was found between groups in the other variables analyzed.

Conclusion: IMT-AT promoted greater recovery of inspiratory muscle strength and VC after six months of CABG
when compared to conventional training.

Keywords: Muscular Strength; Respiratory Muscles; Anaerobiosis; Breathing Exercises; Myocardial Revascularization/
surgery; Hospital Discharge.

Introduction

Patients undergoing coronary artery bypass grafting
(CABG) experience a reduction in ventilatory muscle strength
and pulmonary function, which persists until hospital
discharge.'” In a previous study, our group observed this

decline is maintained even one month after the procedure,

and other authors have shown it up to one year.>* Our group
also found that the application of the inspiratory muscle
training (IMT), based on the glycemic threshold, is effective
in minimizing these effects during the hospital stay.*

The surgical procedure is associated with worsening of
pulmonary capacity and muscle strength due to surgical
incision, time of cardiopulmonary bypass, mechanical
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ventilation and postoperative pain.”” This impairment
can increase the incidence of pulmonary complications
and hospital stay.® In this context, IMT appears to be a
differential tool, asit causes attenuation of the metaboreflex
and, consequently, improvement of functional capacity and
associated outcomes.

IMT can be prescribed with a load based on 40%
of the MIP,® however our group proved that the use
of the anaerobic threshold (AT) is more specific for
this population, reducing the loss of muscle strength,
functional capacity and length of stay hospital.** This
study has external validity since the prevalence of
patients undergoing CABG is high and these changes
are potentially harmful, impacting their quality of life.

Despite these benefits associated with IMT performed
based on the glycemic threshold, there is still a gap in the
understanding of its positive effects after hospital discharge.
Therefore, the primary objective of this study was to test
the hypothesis that IMT based on the glycemic threshold
modifies ventilatory muscle strength and pulmonary
function in patients undergoing CABG even six months
after discharge.

Methods

Study Design

This was a controlled, randomized clinical trial.

Eligibility criteria

A total of 60 patients undergoing cardiac surgery at
Instituto Nobre de Cardiologia, Feira de Santana, Brazil,
were considered eligible for the study. Of these, 18 were
excluded due to death (n=4), valve disease (n=5) and lack of
understanding of the techniques (n=9), and the final sample
consisted of 42 patients (Figure 1). There were no losses to
follow-up.

Inclusion criteria were individual of both genders, age
from 30 to 70 years old submitted to CABG procedure with
cardiopulmonary bypass and median sternotomy. Exclusion
criteria included use of an intra-aortic balloon, surgical
reintervention, death, heart valve disease, previous lung
disease, patients who did not understand how to perform
the proposed techniques, patients with hemodynamic

Eligible for study (n = 60)

Excluded (n =18)
Death - 4
Valve disease - 5
Lack of understanding - 9

Randomized (n = 42)

IMT-C group (n = 21)

| Follow-up |

IMT-AT group (n = 21)

IMT-C group (n = 21)

IMT-AT group (n = 21)

anaerobic threshold.

Figure 1 - Study flowchart. IMT-C: conventional inspiratory muscle training; IMT-AT: inspiratory muscle training group based on the
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instability during the assessment or during the IMT and
physical limitation. The present study was approved by the
Ethics and Research Committee of Faculdade Nobre (FAN)
in Feira de Santana-Bahia, Brazil, under approval number
2,088,639. All patients signed a consent form. This study is
registered in the Brazilian Registry of Clinical Trials (ReBEC)
(number RBR-8dqrdq).

Surgical and postoperative treatment

Surgery was performed through median sternotomy. For
CABG, saphenous vein grafts and / or left or right internal
mammary artery grafts were used. During anesthesia
and after surgery, patients received 40-80% oxygen.
Postoperatively, patients were artificially ventilated with
a positive end-expiratory pressure of 5 cmH20. After
extubation, all patients received paracetamol (1g) four
times a day during hospitalization and if necessary after
discharge. Demographic and descriptive data were collected
from medical records.

Study protocol

After meeting the inclusion criteria, patients had their
lung function assessed preoperatively by measurement
of MIP, maximum expiratory pressure (MEP), vital
capacity (VC) and peak expiratory flow (PEF). On the
next day, patients were taken to the operating room
and, later, to the intensive care unit (ICU). On the
first postoperative day, the research participants were
allocated randomly to the conventional IMT group
(IMT-C) or to the IMT with anaerobic threshold (IMT-AT)
group. The intervention group was decided by drawing
a ball on which there was a piece of paper indicating
it. Patients were managed for non-invasive ventilation,
breathing exercises, kinesiotherapy, cycle ergometry and
ambulation following the institution’s protocol.

In the IMT-C group, patients underwent MIP
assessment and started IMT with a continuous flow
resistance, using the PowerBreathe Kinectic Series®, HaB
International, UK), with 40% of the MIP, performing three
sets with 15 repetitions. This training was done twice a
day until the patient was discharged.

For the IMT-AT patients, exercise was prescribed
according to the glycemic threshold. Resistance of the
inspiratory muscles was determined by a progressive
test performed using the PowerBreathe Kinectic Series®
(HaB International, UK) device. This IMT, with a non-
continuous incremental characteristic, consisted of up to

10 sets of 15 repetitions with increasing load. After the
end of each set, there was an interval of two minutes.

Using the same evaluation equipment, 10% of the MIP
value was started and increased 10% at each test level. At the
end of each load level, capillary blood glucose was assessed
using the Accu-Chek Performa® device, from Roche.

The test was interrupted when the individual was
no longer able to overcome the load imposed by the
device or continue the test.* The load used for training
corresponded to that of the lowest glycemic value. The
load was measured every four days, and 40% of the
load was adjusted according to the new muscle strength
measured. The training consisted of three series of 15
repetitions, twice a day until discharge.

The physical therapy of patients in both groups was
performed three times a day in the ICU and twice a day
in the ward. The therapy was conducted by the physical
therapist of the unit, with a total time of 30 to 35 minutes.

Pulmonary function was evaluated by the same
examiner for muscle strength, VC and late expiratory
flow peak on day of hospital discharge and at six months
after surgery. The examiner was trained and blinded
during the study.

Measurement of MIP, MEP, VC and PEF

The preoperative assessment of MIP was performed
using an analogue manometer (Indumed®) During the
evaluation, a maximum forced expiration (residual
volume) was requested, followed by maximum and
low inspiratory effort until total pulmonary capacity.
The unidirectional valve method was used; the gases
expired passed through a hole of one millimeter to
exclude the action of the buccinator. The test was
repeated for three times, and the highest value reached
was used for analysis, as long as this value was not
the last.

Subsequently, for the maximum expiratory pressure
(MEP), the same device was used. The patient was
instructed to perform a maximum inspiration (total lung
capacity); then the mask was placed, and the patient
was asked to exhale until residual capacity was reached.
The test was repeated three times and the highest value
reached was used for analysis, as long as this value was
not the last.

Patient's VC was measured using a Ferraris - Mark 8
Wright Respirometer (Louisville, CO, USA) was used and
the patient was instructed on all phases of the test. The
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respirometer was unlocked, reset and then the face mask
was placed on patient’s face. The patient was instructed
to inhale maximally to total lung capacity, and exhale
as completely as possible until the residual volume was
reached. Then, the respirometer was locked and the
result registered. The test was repeated three times, with
an interval of one minute between them, and the highest
value was included in the analysis."

PEF was assessed using the Mini Wright® peak flow
meter. Measurements were taken with patient seated, with
the head in a neutral position and a nose clip to prevent
air from escaping through the nostrils. The patient was
asked to hold the device with both hands and place it
in the mouth, inhale deeply to total lung capacity, and
then exhale completely into the device. The test was
repeated three times, and the highest value was used for
analysis, with no difference greater than 40 liters between
measurements.'!

Primary and secondary outcome

The primary outcome was muscle strength after six
months of surgery and the secondary outcome was
pulmonary function. Registry of test results, patient selection
and patient allocation to interventions were carried out by
different examiners.

Sample calculation

The sample calculation was based on our previous
study.* For a 5% alpha and a power of 80%, 42 patients were
necessary, 21 in each group.

Statistical analysis

A double entry of data was performed, and the analysis
followed the principles of intention-to-treat analysis. Data
normality was tested by Shapiro-Wilk test. Continuous
variables were expressed as mean and standard deviation.
Variables with non-normal distribution were expressed as
median and interquartile range. The confidence interval was
set at 95% for all analyses. Estimates of average effects (i.c.
between-group differences) for all outcomes were calculated
using linear mixed models. For categorical variables, the chi-
square test was used. For intra-group comparison, the paired
Student’s t-test was used and the independent Student's
t-test or the Mann-Whitney was used to analyze the different
time points. A p<0.05 was adopted as significant. Data were
analyzed using the Statistical Package for the Social Sciences
(SPSS) version 20.0.

Results

A total of 42 patients completed the pulmonary function
tests six months after cardiac surgery. Demographic and
surgical variables are shown in Tables 1 and 2.

Table 3 shows parameters of muscle strength and lung
function in the preoperative and six months later. Statistical
difference was found between the IMT-C group and the
IMT-AT group in MIP (difference between the means of -5
cmH?2; 95% CI =-8.21 to -1.79) and VC (difference between
the means of -2 mL /kg; 95% CI=-3.87 to-0.13) at six months
of follow-up. No difference was found between groups in
the other variables analyzed.

Discussion

In the present study, we found that IMT-AT resulted
in higher recovery of inspiratory muscle strength and
VC when compared to IMT-C. There was no difference
between groups when assessing expiratory muscle
strength and PEF.

The application of IMT-AT reduced the loss of
inspiratory muscle strength at hospital discharge and
promoted faster recovery six months after the surgical
procedure. VC at the time of hospital discharge did not
differ between the groups but was significantly different
at six months as compared with the preoperative period.
Patients after cardiac surgery are afraid of inhaling deeply
because of pain, which leads to a decrease in VC during
the hospital stay.’>”®* A short hospital stay in addition to
patient's fear and the absence of a specific protocol make
it difficult to recover this variable. Also, VC is dependent
not only on muscle strength, but also on the expansion of
the rib cage and elastic components, which are altered in
the early postoperative period.'*'®

After six months of procedure, the patient feels more
confident to perform exercises and deep breathing,
promoting an improvement in lung capacity, as expressed
by the VC in this study.!*"” It is worth mentioning that
after hospital discharge patients did not continue to
perform IMT, and the effects after six months possibly
reflected the strength gained during their hospital stay.
Due to our study design, it was not possible to eliminate
the Hawthorne effect since there was no follow-up during
the six months, despite the fact that the level of physical
activity in both groups was similar.

Studies have shown that IMT can reduce the loss
of inspiratory muscle strength, functional capacity,
pulmonary complications and length of hospital stay,'®"
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Table 1 - Clinical data of patients undergoing CABG

Variables IM](";‘C_ ;}lr)oup IMT(-::FZ(;; oup P
Gender 0.67°
Male 13 (62%) 14 (67%)

Female 8 (38%) 7 (23%)

Age (years) 62+10 61+9.6 0.45°
BMI (kg/m?) 27 +3.9 27+32 0.87°
Comorbidities

DM 13 (62%) 9 (43%) 0.23
SAH 11 (52%) 13 (62%) 0.65°
DLP 12 (57%) 8 (38%) 0.34*
Sedentary lifestyle 13 (62%) 11 (52%) 0.75°
AMI 8 (38%) 7 (33%) 0.84°
NYHA Class 0.320
I-I 13 (62%) 12 (57%)

Inr-1v 8 (38%) 9 (43%)

EuroScore 4+2 4+1 0.87°
Left ventricular ejection fraction 5748 5410 0.78>
(%)

f;?:::f:‘pi};y;fi)“ﬁv“y fevel 120£9 1258 0.64°
Average load for IMT

(cmH20) 40 25+5 0.02°
Hospital stay time 82413 7413 <0.01°

(days)

a: Chi-square test; b: Independent Student’s t-test; DLP: dyslipidemia; DM: diabetes mellitus; SAH: systemic arterial hypertension; AMI: acute
myocardial infarction; BMI: body mass index; CABG: coronary artery bypass grafting; NYHA: New York Heart Association; IMT-C: conventional
inspiratory muscle training; IMT-AT: inspiratory muscle training group based on the anaerobic threshold.

Table 2 — Surgical data of patients undergoing CABG

X IMT-C Group IMT-AT Group
Variables r
(n -21) (n - 21)
Operation time (h) 3+1 3+2 0.872
Ao time (min) 84 (60 - 94) 86 (64 - 95) 0.79°
MYV time (hours) 76+21 8.1+21 0.23°
CPB time (min) 85.7 (74 - 97) 88.8 (71-99) 0.54°
Number of grafts 26+0.8 25+0.6 0.76

a: Independent Student’s t-test; b: Mann-Whitney test. Ao time: aortic clamping time; MV: mechanical ventilation; CABG: coronary artery bypass grafting; CPB:
Cardiopulmonary bypass; IMT-C: conventional inspiratory muscle training; IMT-AT: inspiratory muscle training group based on the anaerobic threshold.
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