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Summary
Background: Pulmonary complications are important causes of morbidity and fatalities among patients subject to 
cardiac surgery. The respiratory physiotherapy has been aiding in the recovery of these patient ones.

Objective: To evaluate the physiotherapeutic effect of intermittent positive pressure breathing (IPPB) and incentive 
spirometry (IS) in patients submitted to myocardial revascularization surgery.

Methods: Forty patients were divided in two groups: one was submitted to IPPB (n=20) and the other to IS (n=20). The 
patients were evaluated at the preoperative period and 24, 48 and 72 hours postoperatively, with the resources being 
applied in the postoperative period. The following parameters were analyzed: oxygen saturation (SpO2), respiratory 
frequency (RF), minute volume (MV), current volume (CV), maximum inspiratory pressure (Ipmax) and maximum 
expiratory pressure (Epmax).

Results: The groups were considered homogeneous regarding the demographic and clinical variables. In the group 
submitted to IPPB, an increase in SpO2 was observed 48 (p=0.007) and 72 h (p=0.0001) after surgery, when compared 
to the IS group. As for the RF, MV and CV variables, there were no statistically significant differences between the groups. 
The group submitted to IS showed a significant increase in the Epmax 24 (p=0.02) and 48 h (p=0.01) after surgery.

Conclusion: Aiming at reversing hypoxemia earlier, IPPB showed to be more efficient when compared to IS; however, IS 
was more effective in improving respiratory muscle strength. (Arq Bras Cardiol 2007;89(2):94-99)
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Introduction
The myocardial revascularization surgery has now been 

performed for more than thirty years1; nevertheless, pulmonary 
complications are important causes of increased morbidity and 
mortality in patients submitted to this procedure2.

Pulmonary function alterations identified in patients 
submitted to myocardial revascularization surgery depend on 
several factors, such as the preoperative pulmonary function, 
associated co-morbidities (obesity, smoking, sedentarism, age) 
type and time of surgery, the necessity or not and duration  of 
extracorporeal circulation (ECC), the intensity of the surgical 
manipulation and the presence of pleural drainage3.

Physical therapy is frequently used in the prevention 
and treatment of postoperative pulmonary complications 
such as atelectasis, pleural effusion and pneumonia in an 
attempt to accelerate the process of pulmonary function 
recovery4, as the full recovery occurs only 15 days after the 
surgical procedure5.

Some resources can be used to perform the respiratory 
physical therapy in the postoperative period of heart 
surgery, such as physical therapy maneuvers, continuous 
positive airway pressure (CPAP), bilevel positive airway 
pressure (BIPAP), expiratory positive airway pressure (EPAP), 
intermittent positive pressure breathing (IPPB) and incentive 
spirometry (IS), which are safe and easy-to-apply resources 
that can be applied during the postoperative period. There 
are technical differences among these resources, as each one 
has a specific action in the recovery of pulmonary function 
and respiratory mechanics6-8.

Therefore, there are questions on which is the best resource 
for specific postoperative complications of myocardial 
revascularization surgery.

The aim of the present study is to analyze the 
physiotherapeutic effect of intermittent positive pressure 
breathing (IPPB) and incentive spirometry (IS) in patients 
submitted to myocardial revascularization surgery.

Methods
The study was approved by the Research Ethics 

Committee of PUCPR, process # 669 and it was sent to 
Conep. The patients signed a written informed consent 
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form prior to enrollment.
Forty patients were submitted to myocardial revascularization 

surgery from August 2005 to April 2006, at the Hospital of 
the Irmandade da Santa Casa de Misericórdia de Curitiba. The 
study was prospective and the patients were randomized by 
drawing lots, prior to the surgery, and divided into 2 groups: 
IPPB: 20 patients; IS: 20 patients. (It was not necessary to 
change patients from the groups due to clinical criteria).

The IPPB group consisted of 40% women and 60% men, 
and the IS group consisted of 20% women and 80% men 
(p=ns).

The patients in the IPPB group were submitted to 
intermittent positive pressure breathing (IPPB) through a 
Müller Reanimator (MR) manufactured by Engesp™, with a 
rubber facial mask for ten minutes, followed by a 5-minute 
interval and a new application for 10 minutes. The IS group 
was submitted to volume-oriented incentive spirometry, using 
a Voldyne model 5000™, (Sherwood Medical, USA), for the 
same time and interval. 

During the preoperative period, the patients were submitted 
to spirometry in a Microlab™ equipment manufactured by 
Micro Medical Ltda., microlab 3500 model, for the analysis of 
the predicted values of the following variables: FEV1 (Forced 
Expiratory Volume in 1 second) and the FEV1/FVC (forced vital 
capacity) ratio (Tiffeneau index). The patients had to present 
normal respiratory patterns or mild respiratory dysfunction in 
order to be enrolled in the study. 

The following pre- and postoperative variables were 
assessed: age, weight, height, body mass index (BMI), time 
of surgery and of extracorporeal circulation, number and 
location of drains.

The following postoperative parameters were assessed: 
oxygen saturation (SpO2) in ambient air measured by a pulse 
oxymeter manufactured by Nonin™, model 9500, current 
volume (CV) (CV = MV (minute volume)/RF (respiratory 
frequency), measured in a Whigth ventilometer manufactured 
by Respirameter™, model Ferraris – Mark 8, maximum 
inspiratory pressure (Ipmax) and maximum expiratory pressure 
(Epmax), which was measured in a Gerar™ equipment. These 
data were collected 24, 48 and 72 hours after surgery.  

At the statistical analysis, the null hypothesis for equal 
means in the pre- and post-treatment evaluation with IS and 
of the MR vs the alternative hypothesis of different means 
was tested. Student’s t test was used for independent samples 
to compare the two groups defined by the type of resource. 
When comparing the pre- and post-respiratory treatment 
evaluation moments, Student’s t test was used for paired 
samples. The non-parametric Mann-Whitney test was used to 
compare the groups regarding the number of bypass grafts. P 
values < 0.05 were considered statistically significant. 

Results
There was no statistically significant difference between 

the demographic and clinical variables in the pre- and 
postoperative periods between the two groups studied. Thus, 
the two groups were considered to be homogeneous and 
could be compared between them. 

Regarding the Tiffeneau index (FEV1/FVC ratio), the 
patients submitted to IS presented a mean of 81.95±11.41%, 
and those submitted to IPPB, of 81.80±7.01% (p=0.96). The 
mean age of the patients in the IS group was 57.10±9.88 years 
and it was 56.40±8.89 years in the IPPB group (p=0.81). 
BMI did not present statistical difference, as the patients 
submitted to IS presented a mean of 26.82±3.12 Kg/cm², and 
those in the IPPB, presented 28.64±5.12 Kg/cm² (p=0.18). 
Regarding the time of extracorporeal circulation (ECC), the 
patients submitted to IS had a mean of 57.50±11.53 minutes, 
whereas those in the IPPB group had a mean of 54±9.26 
minutes (p=0.29). Concerning the number and location of 
drains, 100% of the patients presented a mediastinal drain.  
In the IS group, 75% of the patients presented a chest drain, 
compared to 80% of the patients in the IPPB group (p=ns). 
Regarding the number of bypass grafts, the mean of patients 
submitted to IS was 2.90±0.79 bypass grafts/patient and in 
the IPPB group, 2.80±0.70. Regarding the analysis of oxygen 
saturation (SpO2, %), in the patients who were submitted to 
IS, the mean SpO2 24 h after the surgery was 88.50% before 
IS and 89.55% after IS (p=0.20); after 48 h, the variation 
was 86.10% to 87.15% (p=0.15) and after 72 h there was an 
increase from 89.90% to 91.15% (p= 0.05). Regarding the 
patients that were submitted to IPPB, the mean of SpO2 24 h 
after the surgery increased from 88.50% to 88.45% (p=0.96); 
after 48 h, it increased from 89.40% to 92% (p=0.001) and 
after 72 h, the variation was 93.35% to 94.70% (p=0.05). 
When the two groups were compared between them, a 
statistical difference was observed concerning IPPB after 48 
h (p=0.007) and after 72 hours (p=0.001) (Fig. 1).

The analysis of the respiratory frequency (RF) of the patients 
submitted to IS showed no statistical difference in the three 
periods analyzed. In the patients submitted to IPPB, the mean 
RF 24 h after the surgery varied from 23.75 i/min to 20.30 
i/min (p=0.005). When the two groups were compared, no 
statistical difference was observed.

Regarding the minute volume (MV) parameter, although 
a statistical difference was identified in patients submitted to 
IS 24 h after surgery (11,725.95 to 12,653.50 ml; p=0.03) 
as well as in the patients that were submitted to IPPB 48 h 
after surgery (13,145 to 14,034 ml; p= 0.02), no significant 

Fig. 1 - Oxygen saturation (SpO2%).
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differences, either intra- or inter-groups, were identified in any 
of the remaining periods (Fig. 2). Regarding the assessment of 
the current volume (CV) parameter, no statistically significant 
difference was observed in either the IS group or the IPPB 
group, as well as in the comparison between them. 

The Ipmax of patients submitted to IS did not undergo 
significant alterations in the three assessed periods; however, 
in the IPPB group, a significant increase in this parameter was 
identified 48 h after surgery, as its value varied from 34 to 
38 cmH2O (p=0.03). When the two groups were compared 
between them, a statistically significant difference was 
observed with an increase of Ipmax 48 h before the resource 
was applied (p=0.04) and 72 h after the surgery, in the group 
that was submitted to IS (Table 1).

Regarding the Epmax, no significant difference was observed 
either in the IS group or the IPPB group separately; however, 
there was an increase in this parameter in the IS group, when 
compared to the IPPB group, 24 h (p=0.02) and 48 h (p=0.01) 
after the resources were applied, and 48 h (p=0.004) before 
the resources were applied (Table 2; Fig. 3).

Discussion
The knowledge of the physiopathological bases of the 

development of postoperative pulmonary dysfunction 
is essential to assess the pulmonary complications that 
occur after surgical interventions and to define therapeutic 
approaches9.

The pulmonary complications that take place in the 
postoperative period of myocardial revascularization surgery, 
such as sternotomy, anesthesia, presence of chest drains that 
alter the function of respiratory mechanics with a decrease in 
residual volume (RV), total pulmonary capacity, vital capacity 
(VC) and functional residual capacity (FRC), which lead to 
atelectasis, alter the ventilation/perfusion ratio and initiate 
the process of PaCO2, PaO2 alterations10.

The knowledge of pulmonary diseases or dysfunctions that 
can accompany the previous history of the patients, such as 
chronic obstructive pulmonary disease (COPD), smoking, 
obesity and age, is an important factor to be observed, as the 
success of pulmonary recovery in the postoperative period also 

Fig. 2 - Minute volume (ml).
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Table 1 – Comparison between the IS and IPPB groups (cmH2O)
regarding the Ipmax parameter (cmH2O)

Variables Mean SD p

Ipmax _ 24h before IS
Ipmax _ 24h before MR

39.50
31

27.09
20.75 0.27

Ipmax _ 24h after IS
Ipmax _ 24h after MR

43
32.25

27.79
20.16 0.16

Ipmax _ 48h before IS
Ipmax _ 48h before MR

51.25
34

27.81
23.49 0.04

Ipmax _ 48h after IS
Ipmax _ 48h after MR

55.12
38

31.39
24.68 0.06

Ipmax _ 72h before IS
Ipmax _ 72h before MR

60.25
46.75

27.74
28.57 0.13

Ipmax _ 72h after IS
Ipmax _ 72h after MR

63.90
46.50

29.37
24.61 0.04

Table 2 – Comparison between the IS and IPPB groups (cmH2O)
regarding the Epmax parameter

Variables Mean SD p

Epmax _ 24h before IS
Epmax _ 24h before MR

46.50
31.75

30.78
19.08 0.07

Epmax _ 24h after IS
Epmax _ 24h after MR

48.25
30.75

30.49
14.07 0.02

Epmax _ 48h before IS
Epmax _ 48h before MR

57.25
33.25

30.50
15.92 0.004

Epmax _ 48h after IS
Epmax _ 48h after MR

57.75
38

29.58
13.61 0.01

Epmax _ 72h before IS
Epmax _ 72h before MR

62.25
49.50

26.88
19.32 0.09

Epmax _ 72h after IS
Epmax _ 72h after MR

64.25
51.50

26.02
17.48 0.07

depends on the preoperative assessment and status, which 
evaluate the surgical risk the patient will be submitted to3.

At the preoperative analysis of the present study the groups 
were considered homogenous, as there was no statistical 
difference regarding the following variables: Tiffenau index 
(FEV1/FVC), forced expiratory volume in the first second 
(FEV1), age, weight, height, BMI; time of extracorporeal 
circulation (ECC), number and location of drains in the 
mediastinum and thorax, number of bypass grafts and 
analgesic agents in the postoperative period. Hence, it was 
possible to evaluate the groups between them. 

Regarding the oxygen saturation (SpO2, %), hypoxemia 
was observed at the three moments of the evaluation, before 
as well as after the resources were applied. Hypoxemia is 
a systemic complication that can cause conditions such as 
metabolic acidosis, mesenteric ischemia and renal failure11.
According to Malbowisson, hypoxemia can be triggered 
by the ECC, which causes alveolar interstitial edema and, 
consequently, pulmonary atelectasis, generally located in 
pulmonary bases12.
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In the present study, a significant increase in SpO2 was 
observed when the two groups were compared, with an 
improvement observed in the group submitted to IPPB 48 
and 72 h after surgery. When the analysis of the groups was 
carried out separately, the IPPB group achieved significant 
improvement of the SpO2 48 hrs after surgery. The trend to 
improvement of SpO2 in the IPPB group in relation to the 
IS group may be justified by the fact that IPPB is a passive 
pulmonary expansion process that does not need an active 
respiratory work, which can lead to pain increase at the initial 
moment of recovery from surgery, restricting the respiratory 
expansion and altering the V/Q ratio. 

Concerning the values obtained for SpO2 at rest, i.e., 
before the resources were applied, it was observed that in 
the group submitted to IPPB, hypoxemia was reverted 72 h 
after surgery, whereas the IS group maintained levels below 
the normal range. Therefore, it can observed that the O2
offer generated by the IPPB was more effective than the 
load imposed by IS for pulmonary expansion. Consequently, 
it was observed that up to 72 h postoperatively, the O2 offer 
through pressure-assisted therapy must be appreciated, 
instead of increasing O2 consumption in order to attain 
muscular strength gain. As a result, the balance between O2
offer and consumption presented a better equilibrium in the 
group submitted to IPPB.

Regarding the group submitted to incentive spirometry (IS), 
the maintenance of hypoxemia within the first postoperative 
days was due to the difficulty of achieving pulmonary 
expansion caused by restrictive factors such as pain and the 
presence of chest drains.

According to West, there is a correlation between the minute 
volume (MV), current volume (CV) and respiratory frequency 
(RF). During the postoperative period of heart surgery, the 
minute volume values can remain within the reference range, 
although on account of a low CV and high RF, which can lead 
the patient to respiratory muscle fatigue, oxygen insaturation 
and even respiratory failure, in some cases13.

When analyzing the MV, CV and RF parameters, there 

was no significant difference between the groups, i.e., both 
the IPPB-stimulated pulmonary expansion, which is a passive 
mechanism, and the use of IS, which is an active mechanism, 
attained similar effects in the postoperative period. The MV is 
the product of the calculation of the CV multiplied by the RF. 
The use of IPPB and IS improved the CV. This can be justified 
in the isolated evaluation of each group. The MV increased 
significantly 24 h after the use of the IS and 48 h after the use 
of the IPPB. The CV did not achieve significant values either 
when the groups were compared between them or in the 
isolated evaluation; however, its mean was higher after the 
resources were applied. 

According to Bott, the therapeutic indication of IPPB within 
the first hours of the postoperative period re-establishes the 
pulmonary volumes and capacity earlier. The author also 
emphasizes that respiratory complications are frequent in the 
postoperative period of heart surgery and that a decrease in the 
CV within the first hours is a very common finding, which brings 
severe systemic consequences caused by cell hypoxemia14.

Regarding the RF values, a decrease in this parameter was 
observed at the isolated analysis per group, 24 h after the 
IPPB was applied. This fact can be justified due to a better 
synchronization of the inspiratory time during the IPPB, 
which decreases the respiratory effort. Subjectively, it was also 
observed that this effort was lower due to the positive pressure 
exercised by the IPPB. It is known that the lower the effort, 
the lower the energy expenditure and oxygen consumption by 
the respiratory muscles. The decrease in the respiratory work 
improves the energy conversion by the aerobic metabolism 
in the muscular fibers, especially of heavy-chain fibers, slow-
contracting type I fibers present in 50% of the diaphragm 
fibers in adults15.

The non-invasive positive pressure ventilation (NIPPV) 
is an efficient method of passive ventilatory support used 
to reduce ventilatory work when trying to regain normal 
pulmonary function, which can prevent respiratory muscle 
fatigue. The incentive spirometer consists in the increase of 
the inspiratory effort aiming at improving the distribution of 

Fig. 3 - Maximum expiratory pressure (cmH2O).
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There is a functional difference between intermittent 
positive pressure breathing (IPPB) and incentive spirometry 
(IS). IPPB is a pulmonary expansion technique that injects 
pressurized air into the airways. The IS is a device to perform 
respiratory exercises that provides visual stimulation to patients 
of the inspired volume during an active inspiration, improving 
respiratory capacity8,17.

Conclusion
Aiming at reversing hypoxemia earlier, within the first 

72 h after the myocardial revascularization surgery, the 
IPPB was more efficient in comparison to the IS. However, 
it is suggested that IS was the most effective in improving 
respiratory muscle strength.

Study limitations - The left ventricular ejection fraction, either 
pre- or postoperative, was not evaluated, as well as whole 
blood count and systemic postoperative complications such 
as heart failure, kidney failure, metabolic and hydroelectrolytic 
disorders, as they were not part of the study aim and follow-up 
consisted of only 72 hours.
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