
P
os

te
d

on
A

u
th

or
ea

24
J
u
n

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

30
16

84
.4

95
38

54
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

INSPIRATORY MUSCLE TRAINING ON FUNCTIONAL

CAPACITY AFTER CORONARY ARTERY BYPASS

GRAFTING IN PATIENTS WITH HIGH RISK OF

PULMONARY COMPLICATION: CLINICAL TRIAL
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Abstract

Objective: To assess the impact of IMT on the functional capacity of patients undergoing CABG with a high risk of PPC.

Design: This is a randomized clinical trial. Setting: Instituto Nobre de Cardiologia (INCARDIO), Feira de Santana – Bahia.

Subjects: In total, 29 patients were selected at high risk of pulmonary complications. Intervention: Patients were divided

into two groups at risk of CPP: intervention group (IM) submitted to IMT and control group (CG) who received standard

care. Considered a high risk patient, age over 60 years, diabetic, smoker and body mass index above 27 kg / m2. All were

submitted to preoperative evaluation and hospital discharge for maximum inspiratory pressure (MIP), maximum expiratory

pressure (MEP) and six-minute walk test (6MWT). Results: 29 individuals were evaluated, 19 of whom were female (65%) and

the mean age was 67±4 years. The IG showed MIP before of 103±15 and the CG 105±17cmH2O (p=0.35), at discharge the IG

had 80±14 and the CG 75±15cmH2O (p=0.12). The 6MWT in the pre was 386±43 in the IG and 398±56 meters (p = 0.65).

In the CG, at discharge they covered 285±51 meters in the IG and 288±45 in the CG (p=0.34). There were no differences

between the variables of the groups. Conclusion: It is concluded that the IMT performed in the postoperative period did not

show significance on the variables muscle strength and functional capacity in patients who were at high risk of pulmonary

complications.

INTRODUCTION

The pathologies involving the cardiovascular system are constant and increasing, in addition, they represent
a high rate of death worldwide, reaching up to 25% in developed countries. The number of cardiac surgeries,
mainly myocardial revascularization (MRI), has been increasing worldwide. Approximately 45,000 surgeries
in this category are performed in the United States annually1,2.

Despite being frequently performed, CABG is still a high-risk procedure, from its completion to the postope-
rative period, due to the impairments caused by this procedure3,4. There is evidence to prove that CABG has
a great influence on the weakness of these patients, from the reduction of pulmonary capacities to functio-
nal ones. In addition to the immobilization caused by the postoperative period, the reduction of peripheral
muscle strength is another factor that influences the decrease in functional capacity, where it is assessed
through the six-minute walk test5-7.

These conditions when added to predisposing factors such as: age, sex, obesity, smoking, diabetes mellitus

1
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(DM), arterial hypertension (SAH) and dyslipidemia (DLP), have a greater influence on postoperative com-
plications, the main ones being: atelectasis, stroke pleural, pneumonia and pneumothorax, conditions that
can be minimized through early mobilization and Inspiratory Muscle Training (IMT)8-10.

IMT has shown its efficacy and benefits in patients who undergo MRI surgeries both pre- and postoperatively,
contributing to the prevention of losses in pulmonary and functional aspects11. However, there is a knowledge
gap regarding disrespect about the use of IMT on lung function and functionality in patients who present
risk factors for the development of postoperative pulmonary complications (PPC).

The aim of this study is to assess the impact of IMT on the functional capacity of patients undergoing CABG
who have risk factors for pulmonary complications.

METHODS

This is a randomized clinical trial, performed on patients undergoing myocardial revascularization surgery.
Data were collected at the Instituto Nobre de Cardiologia (INCARDIO), Feira de Santana - Bahia, from
January to October 2018. Our study was submitted and approved by the Ethics and Research Committee
of Faculdade Nobre de Feira de Santana, obtaining the opinion number 2,366,995. All participants signed an
informed consent form.

Inclusion and exclusion criteria

The inclusion criteria for this work were: individuals older than 60 years, smokers, patients with chronic
obstructive pulmonary disease (COPD) confirmed by clinical and spirometric exam and body mass index
(BMI) greater than 27 kg / m2, both genders and undergoing myocardial revascularization.

The exclusion criteria were: death, surgical reintervention, use of intra-aortic balloon, heart valve diseases,
pneumopathies, patients with difficulty in understanding the imposed techniques, presenting hemodyna-
mic instability during the assessment or execution of the IMT and physical limitation compromising the
assessment of functional capacity.

Study protocol

In the pre-surgical period, the following variables were individually assessed in all patients: pulmonary
function, ventilatory muscle strength, peak flow and functional capacity. The pulmonary function variables
evaluated were vital capacity and peak expiratory flow. Muscle strength through maximum inspiratory
pressure (MIP) and maximum expiratory pressure (MEP). And, for functional capacity, the 6-minute walk
test (6MWT) was used.

As predicted, the day after the evaluation, the patients were referred to the operating room and, after the
procedure, they were admitted to the Intensive Care Unit (ICU). On the second postoperative day (POD),
patients were randomized by simple drawing: there were both options on folded papers and someone working
at the unit was asked to take a paper to draw.

Thus, these patients were assigned to one of the groups, namely: inspiratory muscle training group (IG)
and the control group (CG). The IG had the MIP evaluated and 40% of the value found in each patient
was used. To offer the load, the PowerBreathe device (PowerBreathe Medical Classic) was used. All patients
included in this study performed 30 daily repetitions, divided into two shifts, 15 in the morning and 15 in
the afternoon, every day until hospital discharge, in which all variables were reevaluated.

The CG evaluated in the preoperative period was submitted to interventions, such as: breathing exercises,
ambulation, cycle ergometry, changes in decubitus, active or active assisted kinesiotherapy that were already
performed according to the hospital protocol. All patients were reassessed at discharge. It is worth mentioning
that all evaluations were made by a blind examiner.

Verification of Ventilatory Muscle Strength

2
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The preoperative assessment of inspiratory muscle strength (Maximum Inspiratory Pressure (MIP)) was
performed using an Indumed® analog manovacuometer. During the evaluation, the patient was asked for
a maximum expiration until the residual volume and, then, a maximum and prolonged inspiration until his
Total Pulmonary Capacity. This test was carried out with the unidirectional valve method, allowing flow
through a millimeter orifice in order to exclude the action of the buccinator muscle, the test will be repeated
three times, using the highest value obtained as long as it was not the last.

Another aspect evaluated was the expiratory muscle strength (Maximum Expiratory Pressure (MEP)), which
was measured with the same device, but changing the way it was performed. Initially, the patient was
instructed to perform a maximum inspiration until reaching his total pulmonary capacity. Then, after the
mask was positioned, a maximum expiration was requested, until reaching the residual capacity, following
the same rule of MIP, using the highest value, except when this is the last12.

Pulmonary Function Measurement

Vital capacity was one of the variables collected, for its evaluation an Analog Ventilometer (Ferraris - Mark
8 Wright Respirometer, Louisville, CO, USA) was used. The device was connected to a face mask (in the
expiratory branch) and the patient was guided over all the phases of the test, then it was unlocked, zeroed
and, soon after, the face mask was positioned on the patient’s face, performing a deep inspiration until the
total pulmonary capacity. Subsequently, a long and gradual exhalation was performed until reaching the
residual volume. After the instructions and the procedure, the ventilometer was temporarily locked and the
result was observed and recorded. The test was repeated three times and the highest value was taken into
account13.

Peak expiratory flow was another variable, assessed using the Mini Wright® peak flow. During the evaluation,
the patient was seated, with his head in neutral and using a nose clip - preventing air from escaping through
the nostrils. Then, the patient was asked to take a deep breath, until the total pulmonary capacity, and then
a forced exhalation was performed with the mouth on the device. After three measurements were made, the
highest value was chosen, with no difference greater than 40 liters between measurements13.

Functional Capacity Assessment

The Six-Minute Walk test (6MWT) is a simple and low-cost assessment, which was performed following the
recommendations of the American Thoracic Society (ATS). The 6MWT is performed on a flat surface, free
of obstacles and with 30 meters. Before performing the test, the patient rests for 10 minutes, during this
period, some data such as blood pressure (using the Premium Aneroid sphygmomanometer and Littmann 3M
stethoscope), pulse oximetry (Pulse Oximeter - Rossmax), level dyspnea (Borg scale), heart rate (assessed
by palpation of the radial artery and counting over a period of one minute) and respiratory (assessment by
checking the respiratory incursion over the period of one minute).

Therefore, the patient was asked to walk as quickly as possible, for six minutes, the therapist must observe
the patient’s physiological responses and finally the distance covered according to the variables of each
individual. This test is currently considered the best indicator for measuring functional capacity, in addition
to considering the risk of returning to the hospital, it also observes the patient’s performance when related
to activities of daily living13.

During the entire 6MWT process, the patient was monitored, the test could be interrupted if found: heart
rate below 20% of the baseline, increased systolic and / or diastolic blood pressure greater than 30% of the
base, increased respiratory rate above 25 incursions per minute and peripheral oxygen saturation <90%.

Statistical analysis

The analysis was performed using the SPSS 20.0 program. Normality was assessed using the Shapiro-Wilks
test. The variables were expressed as means and standard deviations. Chi-square was used to compare
categorical variables. To compare values between groups, the independent Student’s T test was used and
the intra-group comparison was the paired Student’s T test. It was considered as significant when p <0.05.
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The delta value ([?]) was found by subtracting the preoperative value from the value found on the day of
discharge.

RESULTS

During the study period 38 patients were hospitalized, of these nine were excluded, two of whom were due
to combined surgery, six lung diseases and one due to physical limitations, leaving 29 individuals as shown
in figure 1. The prevalence was male with 18 patients (62% ), the mean age was 67 +- 4 years, the BMI was
31.5 +- 2.5 kg/m2 and the prevalent comorbidity was sedentary lifestyle with 21 patients (72.4%). Regarding
the surgical and clinical variables, all values are shown in table 1.

Regarding muscle strength, a decrease of 22% was observed in the MIP in the IG and in the 28% in the CG
(p = 0.12). In MEP, IG decreased by 26% and CG by 34% (p = 0.21). These variables were not significant
and are represented with absolute values in Table 2.

The 6-min walk test was performed before and after the operation and when compared, the IG had a drop of
26% in relation to the distance covered in meters and the CG 27% (p = 0.21). Table 3 shows the information
regarding functional capacity.

DISCUSSION

In the data analysis of the present study, it was observed that the inspiratory muscle training protocol, applied
to patients at high risk of pulmonary complications, did not show any significant difference in relation to the
variables of MIP, MEP and 6MWT in patients undergoing coronary artery bypass grafting.

Pulmonary function is one of the factors that presents changes in the postoperative period, Barros et al.
showed that there is a significant reduction in ventilatory capacity and muscle strength in patients who
underwent MR. Still, in this same study, it was observed that the IMT helped to restore the overlapping
values evaluated in the preoperative period14. Similar results have been reported by Matheus et al. who
demonstrated the effectiveness of IMT in recovering the values of tidal volume and vital capacity found in
the pre-surgical15. In the present study, a reduction in values was also observed when comparing pre and
postoperative in patients who presented risk factors that may generate PPC, however these numbers were
not significant, both in the control group and in the intervention group.

Possible justifications may be related to the reduction of ventilatory mechanics, among which are the presence
of drains and pain. Sternotomy is an aggressive procedure, which causes several dysfunctions and can
cause pain until the fifth postoperative day16. This symptom is common and can cause restriction of chest
expansion, causing hypoventilation and making IMT difficult.

Cordeiro et al. presented different results and a similar population in relation to the current study. The
researchers investigated the influence of IMT on inspiratory muscle strength and functional capacity. They
observed a significant reduction in MIP in both groups, but the intervention group had a higher value for
this variable at hospital discharge, compared to the control group. An analysis of functional capacity showed
an improvement in the 6MWT when comparing the IMT group to the control group3.

This result is probably related to the researched sample, which was larger when compared to the present
study and included other types of surgery besides MRI, considered to be large. Therefore, the greater number
of patients, the different inclusion criteria, and, especially, the risk factors present increase the likelihood of
PPC, heterogeneous characteristics among the studied samples.

With a more prolonged IMT protocol and with progressive load increase, Praveen et al. they also investigated
the effectiveness of IMT in patients who underwent CABG and showed a reduction in MIP in both groups
both in the short term and over time in the postoperative period. The group that underwent intervention
presented approximate values preoperatively, however some of them increased significantly at maximum
inspiratory strength17.

In the training mentioned above, patients were stimulated and instructed to perform IMT from the fourth

4
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to the nineteenth postoperative period, with a load that could increase according to the patient’s resistance.
Unlike the current research, in addition to extending the intervention period, the fact of starting IMT on the
fourth postoperative day can reduce characteristics such as pain, analgesic effect and the patient’s concern
about sternotomy. Generally, these findings are still present in the second POD, making it possible to
compromise load measurement and training17.

In this context, it is necessary to emphasize that the barriers found in the postoperative period are not
limited to the restrictions of the surgical procedure. Predisposing risk factors such as: age, sex, obesity,
smoking, diabetes mellitus, arterial hypertension and dyslipidemia are aggravating factors that guide the
team about possible complications during or after surgery, directly affecting the recovery of functional and
respiratory capacity, increasing the chance morbidity and mortality18.

A study carried out Feltrim et al. sustained the benefit of IMT in high-risk patients with factors similar to
the current study and demonstrated a reduction in pulmonary complications of greater impact, acting in a
protective way, training improved the strength and resistance of the respiratory musculature8. IMT could
probably decrease complications in the studied population, but the functional capacity is dependent on other
conditions, not influencing the postoperative risk factors.

Nery et al. also used the 6MWT to assess functional capacity in individuals who underwent MRI surgery.
The patients were divided into a sedentary and active group, who performed physical exercises and IMT. In
the evaluation, after two years, patients who performed exercises associated with IMT showed less loss in
functional capacity, showing significant improvement in the distance covered in relation to sedentary patients.
This result may be associated with IMT for a prolonged period and the performance of exercise19.

Physical exercises are beneficial in wide aspects, considerably improve hemodynamics and cardiac output.
Demonstrating more effective recovery of the myocardium where they consequently improve muscle fatigue,
caused by the decrease in blood distribution, reducing the feeling of tiredness. When associated with IMT,
patients effectively improve functional capacity and optimize pulmonary capacity20-22.

In relation to the 6MWT, researchers evaluated the functional capacity in patients with risk factors who
underwent CABG and noticed an improvement in the distance covered in older individuals, aged over 75
years, with greater benefit in relation to the distance covered, unlike the present study that had an average
age of 67 years23,24. This is one of the inconstant factors, however it is understood that when there is an
imminent risk in elective surgeries, it is important to carry out preventive interventions, such as preoperative
training, which can train the muscles and minimize impacts on MIP and MEP and probably in the distance
covered in the postoperative8.

Our work has some limitations, such as the sample size and the absence of patients’ effort evaluation (BORG
scale), which could have been used to gradually increase the load. The different study protocols used by the
authors are also characterized as a work limitation.

CONCLUSION

Based on the results presented, we can conclude that the IMT performed in the postoperative period did
not show any significant influence in relation to the risk factors presented, when related to muscle strength
and functional capacity.

However, taking into account the little representativeness of the studied sample and the absence of authors
who address the risk of complications and functional capacity in this population, further research is needed
to obtain better results.
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Figure 1: Steps for selecting the study subject.

Table 1. Clinical and surgical data of patients undergoing coronary artery bypass grafting.

Variables IG (n - 14) CG (n - 15) p

Gender Male Female 9 (64%) 5 (36%) 9 (60%) 6 (40%) 0,31a

Age (years) 66 ± 3 68 ± 4 0,65b

BMI (kg/m2) 32 ± 2 31 ± 3 0,42b
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Variables IG (n - 14) CG (n - 15) p

Comorbidities DM
SAH DLP Sedentary
lifestyle AMI

9 (64%) 10 (71%) 9
(64%) 11 (79%) 7
(50%)

9 (60%) 9 (60%) 10
(67%) 10 (67%) 5
(33%)

0,32a 0,64a 0,57a 0,34a

0,24a

MV time (horas) 6 ± 2 7 ± 3 0,23b

CPB time (min) 96 ± 12 92 ± 15 0,23b

Number of grafts 2,6 ± 0,8 2,5 ± 0,6 0,65b

a. Chi-square; b. Independent Student’s T Test; CPB – Cardiopulmonary bypass; DLP - Dyslipidemia; DM
- Diabetes Mellitus; SAH - Systemic Arterial Hypertension; AMI - Acute Myocardial Infarction; BMI - Body
Mass Index; MV - Mechanical ventilation.

Table 2. Pulmonary Function and Ventilatory Muscle Strength preoperatively and at hospital discharge
between groups.

Variables IG (n - 14) CG (n - 15) pa

MIP (cmH2O)
Preoperative Discharge
Δ

103 ± 15 80 ± 14 23 ±
13

105 ± 17 75 ± 15 30 ±
12

0,35 0,56 0,12

MEP (cmH2O)
Preoperative Discharge
Δ

82 ± 12 60 ± 11 22 ±
11

85 ± 13 56 ± 12 29 ±
11

0,42 0,56 0,21

a. Independent Student’s T Test; MEP - Maximum Expiratory Pressure; MIP - Maximum Inspiratory
Pressure; Δ - Delta.

Table 3. Preoperative functional capacity and hospital discharge between groups.

Variables IG (n - 14) CG (n - 15) pa

6MWT Preoperative
Discharge Δ

386 ± 43 285 ± 51 101
± 45

398 ± 56 288 ± 45 110
± 46

0,65a 0,34a 0,21a

a. Independent Student’s T Test; 6MWT – Six-Minutes Walking Test; Δ- Delta
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