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Abstract

Introduction: Postoperative pulmonary complications are
a major source of mortality and morbidity. Respiratory
physiotherapy, which is often used to prevent and treat these
complications, can be started preoperatively in order to assess
and guide the patients.

Objective: To establish the effectiveness of a preoperative
physiotherapy program for patients submitted to elective
coronary artery bypass surgery as regards to the reduction in
the hospital stay and prevention of pulmonary complications,
changes in pulmonary volumes and inspiratory muscle force.

Method: This was a randomized clinical trial. The study
group consisted of 86 patients submitted to elective coronary
artery bypass surgery at the Instituto de Cardiologia do Rio
Grande do Sul. The intervention group (44 patients) was
assessed and received physiotherapeutic guidance with
written manuals at least 15 days before surgery. The control
group (42 patients), on the other hand, received routine
guidance on the day of hospital entry.

Results: A significant reduction in the hospital stay (p<0.05)
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was observed in the intervention group. No differences were
found between the groups in respect to the change of lung
volumes, inspiratory muscle force and occurrence of
pulmonary complications as seen by X-ray.

Conclusion: Patients who had preoperative instruction
are better prepared to cooperate with postoperative treatment.
As these patients understand the purpose of pre- and post-
operative physiotherapy, the limitations resulting from the
surgical process and the physiotherapeutic technique
proposed, they may ultimately have a shorter stay in hospital.

Descriptors: Physical therapy. Preoperative care.
Myocardial revascularization.

Resumo

Introdugdo: As complicacdes pulmonares pos-operatorias
sdo uma fonte significativa de mortalidade e morbidade. A
fisioterapia respiratéria é freqiientemente utilizada na
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prevencdo e tratamento de tais complicacdes, podendo ser
iniciada no pré-operatério de forma a avaliar e orientar os
pacientes.

Objetivo: Estabelecer a efetividade de um programa de
orientacio fisioterapéutica pré-operatoria para pacientes
submetidos a cirurgia de revasculariza¢io do miocardio, em
relacdo a reducio do tempo de internacio hospitalar,
prevencio de complicagdes radiolégicas pulmonares, alteraciio
de volumes pulmonares e for¢a muscular inspiratéria.

Meétodo: Ensaio clinico randomizado. A pesquisa foi
composta por 86 pacientes submetidos a cirurgia eletiva de
revasculariza¢io do miocardio no Instituto de Cardiologia do
Rio Grande do Sul. O grupo intervenciio (44 pacientes) foi
avaliado e recebeu orientacio fisioterapéutica com material
por escrito, no minimo, 15 dias antes da cirurgia. Ja o grupo

INTRODUCTION

The frequency of surgical procedures has progressively
increased over the last decades. Postoperative pulmonary
complications are an important cause of mortality and
morbidity [1]. Thus, by identifying patients at risk of
postoperative pulmonary complications [2-4] and optimizing
the therapeutic treatment [1-5] mortality rates can be
reduced.

Some factors which predispose patients to respiratory
complications in the postoperative period can be minimized
by adequate evaluation and preoperative control, including
the use of respiratory physiotherapy [6], bronchodilators,
antibiotics, treatment of cardiac insufficiency and smoking
cessation [7].

Respiratory physiotherapy is normally utilized in the
prevention and treatment of postoperative complications
such as secretion retention, atelectasis and pneumonia.
The duration and frequency of respiratory physiotherapy
for surgical patients are variable, depending on individual
necessities, therapeutic preference and institutional
practice [6,8].

Respiratory physiotherapy should be initiated in the
preoperative period aiming at evaluating and guiding
patients. In the postoperative period, the treatment
consists basically in ventilatory exercises and cough
stimulation [3,8,9].

Guidance of ventilatory exercises consists in the
adjustment of inspiration and expiration times and of the
ventilation depth for a more adequate ventilatory muscle
pattern both in respect to respiratory frequency and to the
circulating volume [8]. Moreover, this guidance aims at
teaching how to correctly use the ventilatory muscle and to
help the patient understand the different kinds of ventilatory
patterns, by means of practical demonstrations [9,10].

This study aimed at establishing the effectiveness of a

controle recebeu cuidados de rotina no dia da internacio
hospitalar.

Resultados: Observou-se significativa reducio do tempo
de internacao hospitalar (p<0,05) no grupo intervencio. Nao
se verificou diferenca para alteracio de volumes pulmonares,
forca muscular inspiratoria e incidéncia de complicacdes
radiolégicas pulmonares entre os grupos.

Conclusdo: Pacientes instruidos no pré-operatorio estario
melhores preparados para colaborar com o tratamento pés-
operatorio e, entendendo o objetivo da fisioterapia pré e pos-
operatoria e a técnica fisioterapéutica proposta, poderio ter
diminuicio no tempo de permanéncia no hospital.

Descritores: Fisioterapia. Cuidados pré-operatorios.
Revasculariza¢do miocardica.

preoperative physiotherapeutic guidance program for
patients submitted to coronary artery bypass surgery in
regards to the reduction of the time of hospitalization,
prevention of pulmonary radiological complications,
changes in pulmonary volumes and inspiration muscle
strength.

METHOD

This research is characterized as a randomized clinical
trial, composed of patients submitted to elective coronary
artery bypass grafting surgery from December 2002 to
August 2003, in the Cardiology Institute of Rio Grande do
Sul, Brazil, University Foundation of Cardiology.

Sample

The research included 86 male and female patients
submitted to coronary artery bypass surgery with mammary-
coronary artery anastomoses and aorto-coronary
saphenous vein grafts, who stayed on mechanical
ventilation for a maximum of 24 hours and after were
extubated in the conventional manner. All patients who
presented neurological sequels in the postoperative period
(ischemic or hemorrhagic effusions), patients reintubated
in the postoperative period, those who used non-invasive
ventilation in the postoperative period, those who chose
not to perform a pulmonary function test or the proposed
physiotherapy in the postoperative period and the patients
who did not complete a minimum of 15 days of preoperative
guidance were excluded.

Initially, 104 patients were selected for the study, from
these, 14 patients chose not to participate. From the patients
who accepted four were excluded from the study. One patient
of the control group was not included due to death and two
patients from the experimental group chose not to participate
in the research and another from this group was not
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submitted to heart surgery. In this sample, there were no
patients with a history of pulmonary edema in the
postoperative period. The patients were randomized by
means of a table of randomized numbers.

Intervention

Initially, this work was approved by the Ethics Committee
of the IC/FUC and written consent was received from the
patients. The patients were allocated to the Control or
Intervention Groups, by mean of table of random numbers.

Members of the Intervention Group were evaluated and
given guidance for at least 15 days before the coronary
artery bypass surgery. In the period between the first
physiotherapeutic guidance and admittance to hospital (24
hours before surgery), an individual weekly appointment
was made for the control and guidance of the ventilatory
exercises. The control group was orientated (without written
material) in regards to respiratory physiotherapy
(ventilatory exercises) and evaluated 24 hours before surgery
according to hospital’s current routine. All patients who
participated in the study received conventional respiratory
physiotherapy (ventilatory exercises, position in the bed,
vibration control and thoracic compression and cough
guidance twice per day) in the postoperative period by the
physiotherapeutic staff of the hospital.

After selection of the patients, the research consisted in
the application of a detailed evaluation in which the
identification data, cardiopulmonary bypass (CPB) time,
date of the surgery and hospital discharge, and risk factors
for pulmonary complications (DPOC, obesity, smoking, prior
history of smoking, older than 65 years) were obtained.
Physiotherapy in the preoperative period was performed,
with or without the guidance program by means of written
guidelines on ventilatory exercises and coughing. The
criterion for obesity was a body mass index (BMI) > 30 kg/
m? Smokers were patients who smoked or had smoked up
to 30 days before the surgery and ex-smokers those with a
prior history, that is, more than 30 days before surgery.

Additionally, radiological reports were evaluated to
verify the occurrence of pulmonary radiological
complications, such as non-ventilated areas and pleural
effusions. The pulmonary volumes were measured by
spirometry and the maximum inspiration muscle strength
(peak PI) by manovacuometry. The measurements were
performed in the preoperative period (24 hours before
surgery), on the first day of the postoperative period (within
24 hours after extubation) and on the 6" day of the
postoperative period of the patients of the Control and
Intervention Groups. All data of the pulmonary evaluation
were collected with the patient seated or using a high head
support at 45-60°.

Spirometry was performed using a MSP1® model
spirometer, obtaining the following rates of the pulmonary
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function: forced vital capacity (FVC) and forced expiratory
volume in one second (FEV ), according to the 1* Brazilian
consensus on spirometry [10].

Manovacuometry, in this work, was utilized to check
the peak inspiration pressure. To measure the peak PI, a
digital manovacuometer (-500 to + 500cmH,0) model
MVDS500® (Microhard Electronic Ind.) was utilized,
connected to a inspiration muscle training apparatus for
pressure resistance (Inspiratory Muscle Trainer,
Diemolding Healthcare Division), together with a
anesthesia face mask [11]. In the apparatus there is a 2-mm
opening to prevent bias caused by pressure changes of
the orofacial muscles [12]

The patients of the Intervention Group were sent to the
outpatients’ clinic at least fifteen days before the surgery.
An assessment protocol was applied and the pulmonary
function was evaluated as previously described. Together
with the pulmonary function evaluation in the preoperative
period for the Intervention Group, a program of
physiotherapeutic exercises was proposed and duly
explained. After, each patient were given written guidelines
on ventilation exercises to continue the exercises at least
twice a day during the preoperative period, until hospital
admittance (24 hours before the surgery). The patients were
requested to perform three types of ventilatory exercises: 1)
diaphragmatic ventilatory pattern, 2) ventilatory pattern with
inspiration split in two parts and 3) the ventilatory pattern
with inspiration split in three parts, performed in two series
of 10 repetitions of each type of exercise giving a total of 60
ventilatory exercises per series.

There upon, the patients were informed about the
coronary artery bypass surgery and the postoperative
course of treatment. The importance of the treatment, the
recovery period in the recovery unit and after, in the hospital
ward, and the different procedures involved (anesthesia,
mechanical ventilation, extubation, probes and drains,
postoperative physiotherapy and hospital discharge) was
explained. The patients made an appointment to return to
the outpatients’ clinic at least twice in the following 15 days
with the aim not only of verifying, but also to supervise to
achieve ventilatory patterns previously performed at home.
Statistical analysis

Continuous variables were described as means and
standard deviations or medians and 25-75 interquartile
intervals. The categorical variables were described using
frequency tables with proportions.

The groups were compared using the chi-squared test
for categorical variables, the Student t-test for continuous
variables with normal distributions and the Mann-Whitney
test for asymmetric distributions.

Variance analysis for repeated measurements was also
utilized with the aim of comparing the changes in the pulmonary
function test between the 1% and 6™ postoperative days.
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In all comparisons a critical alpha of 0.05 was considered.
RESULTS

Eighty-six patients were randomized in this study. From
these, 44 patients were allocated to the Control Group and
42 patients to the Intervention Group. In the Control Group,
there were 34 (77.3%) men and 10 (22.7%) women; in the
Intervention Group there were 31 (73.8%) men and 11 (26.2%)
women. There was no significant difference (p= 0.80) in
respect to the gender between the two groups. The mean
age (p=0.54), height (p=0.75) and weight (p=0.42) also did
not differ significantly between the two groups.
Comparisons between the groups are shown in Table 1.
From these patients, 73 (84.9%) performed coronary artery
bypass grafting surgery using the internal mammary artery
and 13 (15.1%) using saphenous grafts. All patients (100%)
used mediastinal drains; in 72 (83.7%) cases the pleural drain
was placed on the left side and for one (1.16%) patient a
bilateral pleural drain was used.

The risk factors for pulmonary complications in the
postoperative period are illustrated in Table 2. There were
no significant differences between the groups for obesity
(p=0.61), advanced age (p=0.37), DPOC (p=0.10), smoking
(0.45) or ex-smoking (p=0.16).

Table 1. Comparison of the groups

Sample Control Intervention  p
characteristics (n=44) (n=42)
Age (years) 60.6+10.9 59.3+8.4 0.54

Gender male (%) L7 31 0.80
Height (cm) 1.66+0.08 1.66+£0.09  0.75
Weigth (kg) 7541+£10.55  7326+13.75 042

*0<0.05: The variables are described as means and Standard
deviations. Gender described as a percentage

Table 2. Risk factors for postoperative pulmonary

complications

Risk factors Control Intervention P
n (%) 44(51) 42 (49)

Obesity 9(20.5) 11(26.2) 0.61
Advanced age 17(38.6) 12(28.6) 0.37
COPD* 12(27.3) 5(11.9) 0.10
Smokers 9(20.5) 12(28.6) 045
Ex-smokers 34(71.3) 26(61.9) 0.16

*COPD = Chronic obstructive pulmonary disease. **p<0.05

The CPB time is shown in Figure 1. In the Intervention
Group, 41 (97.6%) patients were submitted to the surgery with
CPB. In the Control Group, CPB was employed in 44 (100%)
patients. The mean CPB time in the Control Group was 77.39
22.30 minutes and in the Intervention Group it was 77.02 £
24.22 minutes, with a median of 75 minutes for both groups.
There was not significant difference (p=0.78) between the two
groups.
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Fig. 1 — Cardiopulmonary bypass time

The mean value of the preoperative peak inspiring
pressure (peak PI) in the Control Group was - 46.66 +32.45
mmHg, which did not significantly differ (p=0.93) to the mean
value of the preoperative peak PI of the patients in the
Intervention Group: - 46.55 +25.17 mmHg. Thus, the mean
value of the peak PI on the 1st postoperative day was -16.66
19.45 mmHg in the Control Group and—15.81 + 14.06 mmHg
in the Intervention Group, thus there was no significant
difference (p=0.79) between the two groups. The mean value
of the peak PI, on the 6" postoperative day was -34.05 +
23.60 mmHg in the Control Group and —32.00+34.56 mmHg
in the Intervention Group, giving a non-significant difference
(p=0.77) between the two groups (Figure 2).
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Fig. 2 — Alterations in the maximum inspiratory pressure (Ipmax)
in the preoperative and on the 1st and 6th postoperative days, Pi =
maximum inspiratory pressure; *p<0.05.
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Changes of forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1) in the preoperative
period, on the 1% and 6" postoperative days are shown in
Figure 3. The mean value of the FVC in the preoperative
period for the Control Group was 2.37 £ 0.74 liters, which did
not significantly differ (p=0.52) from the mean value of the
FVC for the patients in the Intervention Group: 2.27 £ 0.66
liters. On the 1% postoperative day the FVC for the Control
Group was 0.90 £ 0.37 liters and for the Intervention Group
it was 0.93 + 0.41 liters, again without any significant
difference between the groups (p=0.73). Additionally, on
the 6" postoperative day the FVC was 1.54 £ 0.95 liters for
the Control Group and 1.63 + 0.82 liters for the Intervention
Group also without significant difference between the groups
(p=0.64). The mean value of the FEV1 in the preoperative
period for the Control Group was 2.00 + 0.70 liters and for
the Intervention Group it was 2.03 + 0.65 liters. The mean
value of the FEV1 on the 1* postoperative day was 0.71 *
0.32 liters for the Control Group and 0.76 £ 0.34 liters for the
Intervention Group. Finally, the mean of the FEV'1 on the 6"
postoperative day was 1.27 £0.76 liters for the Control Group
and 1.43 £ 0.77 liters for the Intervention Group. There were
no significant differences between the two groups in the
preoperative (p=0.83), on the 1% (p=0.43) or 6™ (p=0.33)
postoperative days in respect to this variable (Figure 3).

Figure 4 shows the incidence of pulmonary radiological
complications of patients in the preoperative period and on
the 1* and 6™ postoperative days. The incidence of non-
ventilated areas (atelectasis or consolidation), pleural
effusions and unaltered radiological analysis in the
preoperative period (p= 0.58), on the 1* postoperative day
(p=0.14) and 6™ postoperative day (p=0.08) showed no
significant differences between the groups. In the
preoperative period, there were no cases of non-ventilated
areas associated with pleural effusions. But, it was verified
that on the 1st postoperative day non-ventilated areas were
evidenced in the Control Group in 22 (50%) patients and in
13 (31%) patients of the Intervention Group (p=1.0). Also
there was a greater incidence of pleural effusions in the
Control Group (four patients - 9.1%) than in the Intervention
Group (three patients - 7.1%) (p=1.0). However the incidence
of pleural effusions associated with non-ventilated areas
on the 1% postoperative day was greater in the Intervention
Group (seven patients - 16.7%) when compared with the
Control Group (three patients - 6.8%) (p=0.2).

On the 6" postoperative day, the greatest incidence of
non-ventilated areas was observed in the Control Group
involving five (11.4%) patients compared with the
Intervention Group, in which no patients were affected
(p=1.0). However, a greater number of patients in the
Intervention Group (19 cases, 45.2%) had radiological
diagnoses of pleural effusions compared to the Control
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Fig. 3— Forced vital capacity (FVC) and forced expiratory volume
in one second (FEV1) in the preoperative period and on the 1st and
6th postoperative days *p<0.05. The variables are described as
means and Standard deviations
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Fig. 4— Pulmonary complications in the preoperative period and
on the Ist and 6th postoperative days
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Group, in which 12 (27.3%) cases were seen (p=0.1). The
incidence of non-ventilated areas associated with pleural
effusions was greater in the Intervention Group with 16
(38.1%) patients affected compared to 15 (34.1%) patients
of the Control Group (p=1.0).

The mean and median hospital stays can be seen in the
Figure 5. The mean hospital stay was 14.65 £ 6.61 days for
the Control Group and 11.77 £ 6.26 days for the Intervention
Group giving a significant difference between the groups
(p<0.005). The median hospital stay was 9.0 days (8.0 —
12.8) in the Intervention Group and 12 days (9.0 —19.0) for
the Control Group.

Q¥¥ ¥

20 o

I

Intervention control

Time of hospitalization (days)

Fig. 5— Time of hospitalization

COMMENTS

In the present study, a reduction in the hospital stay can
be observed among the patients of the Intervention Group,
who had a mean difference of three days, when compared
with the control group (p<0.05). A reduction in the hospital
stay was also observed by Stein & Cassara [13] who reported
a reduction in the hospital stay of patients who received
physiotherapy in the preoperative and postoperative
periods, when compared with the patients who did not
perform physiotherapy (0.05). Semanoff et al. [14] also
reported a reduction in the hospital stay for those patients
who received two or more sessions of physiotherapy
(ventilatory exercises, cough and precocious mobilization,
as well as information about postoperative procedures) in
the preoperative period of cardiac surgery. They observed
that patients submitted to valve surgery who received
information in the preoperative period were discharged eight
days before those who were not treated with respiratory
physiotherapy in the preoperative period.

Additionally, Celli et al. [15] reported a reduction in the
hospital stay in the group who received guidance on

ventilatory exercises (9.6 + 3.2 days in hospital) in relation
to a Control Group (13 £ 5 days in hospital). In a study
performed by Healy [16] with 321 patients, in which 181
received instructions (ventilatory exercises with deep
inspiration, coughing, specific explanations about the
surgery in the preoperative and postoperative periods) and
140 patients who did not received any kind of intervention,
the hospital stay was reduced by three to four days for the
group of instructed patients.

Pulmonary function alterations occur in all patients after
hours of surgical processes [17]. The reduction of the pulmonary
volumes can be observed in both the Intervention and Control
Groups especially from the preoperative period to the 1%
postoperative day, with an increase, but without returning to
the preoperative levels by the 6" postoperative day.

According to Meyers et al. [17], the pulmonary volumes
(FEV1, FVC) reduced in the postoperative period [ 18] with a
maximum decrease on the 1* postoperative day, returning to
close to the preoperative levels by the 5" postoperative day
[17]. The same occurred with the inspiratory muscle strength.
This decreased from the preoperative period to the 1*
postoperative day but there was an improvement, but without
total recovery to the preoperative values by the 6
postoperative day in the Intervention and Control Groups.
These tests depend on the understanding of the exercises to
be performed and on the desire of the patient to collaborate in
making an effort to perform the movements [19].

Thus, it is accepted that factors, such as, pain [20],
alterations in the ventilatory mechanics due to the
sternotomy [18] and the deleterious effects of the general
anesthesia on the pulmonary function contributed to these
findings. In regards to the muscle strength, sternotomy
harms the stability of the thoracic wall and there is a reduction
in the sanguineous support to the intercostal muscle due to
the removal of the internal mammary artery, which may
decrease the inspiratory muscle strength [18].

The incidence of pulmonary complications is difficult to
determine from the literature, as many researchers separate
these complications from the clinical significance and even
the radiological significance of the disease. In additional, they
depend on the type of surgery and on the individual
perception of the observer about what constitutes a
complication [5]. In the present study, the incidence of
pulmonary radiological complications was investigated,
without the clinical aspects being analysed. The presence of
non-ventilated areas (atelectasis or consolidation) and pleural
effusions were considered to be radiological complications.
The term non-ventilated area is a concept utilized by the
radiology service for those patients who present with
atelectasis or consolidation in the chest radiograph.

Twenty-three (54.8%) patients of the Intervention Group
and 29 (65.9%) of the Control Group developed some kind
of pulmonary radiology alteration on the 1st postoperative
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day. Additionally, it was seen that patients of the Control
Group had a greater incidence of pulmonary radiological
complications on the 1* postoperative day, but without
statistical significance between the two groups. On the 6"
postoperative day however, there was almost no difference
between the groups: 35 patients, in the Intervention Group
and 32 in the Control Group developed some type of
radiological alteration. The incidence of non-ventilated areas
can be observed as being predominant in the Control Group
in the preoperative period as well as on the I* and 6"
postoperative days.

Harm to the pulmonary function in the postoperative
period is inevitable, but, sometimes, it is not clinically
significant. This would justify the hospital release of many
patients with radiological alterations.

According to Wilcox et al. [21], abnormalities can be
analysed by chest radiograms in many patients in the
postoperative period of cardiac surgery, without resolutions
when these patients are discharged from hospital. The origin
of pulmonary complications in the postoperative period is
multifactorial and include changes in the ventilatory
mechanics due to sternotomy, pain [20], hypoventilation,
anesthetic effects [6], as well as retraction of the lower left
lobe, postoperative gastric distension and paresis of the
left diaphragmatic hemi-cupula caused by the surgery or
hypothermic damage to the phrenic nerve in patients who
underwent coronary artery bypass surgery with mammary
anastomoses [22].

In the current study, a high incidence of pleural effusions
was observed in the sample on the 6" postoperative day
(72%), but with no statistical difference between the groups.
From the 86 patients included in the study, 73 (84.9%)
underwent coronary artery bypass grafting using the
internal mammary artery (with or without the association of
a saphenous vein graft). From these, 35 (83.3%) patients of
the Intervention Group and 27 (61.4%), of the Control Group
suffered pleural effusions by the 6™ postoperative day. In a
study performed by Vargas et al. [22] a high incidence of
pleural effusions was also observed in patients who
underwent coronary artery bypass grafting with mammary
anastomosis. Thus, the high incidence of postoperative
pleural effusions may be explained by the great number of
patients who underwent coronary artery bypass grafting
with mammary anastomosis.

Limitations of the present study

1) Radiological analysis: as was demonstrated by some
authors [23-25], it is difficult to obtain precise diagnosis of
pulmonary complications on chest radiographs. In a work
performed by Bloomfield et al. [23], the intra-observer and
inter-observer differences in respect to the description of
the radiological abnormalities were clearly observed,
suggesting that, when chest radiographs are analysed, the
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alterations should be described and diagnoses should not
be made: or differential diagnoses should be suggested. In
the cited study, atelectasis and consolidation were not
distinctly described and presence of atelectasis or
consolidation was considered as non-ventilated areas,
according to the criteria utilized by the radiology service.
2) Sample calculation: when the calculation of the sample was
performed for this study (90 patients) the incidence of
pulmonary radiological complications was underestimated at
20% in the postoperative period. It is very clear that there were
a greater number of cases and consequently a greater sample
size was necessary. Particularly as patients who are submitted
to coronary artery bypass grafting have many correlation
factors and present with many variables, which demand a
greater number of patients to obtain significant data.

Works demonstrate limitations in the methodological
description, which makes it difficult to safely conclude the
reliability of the findings [26]. Another aspect to be
considered is the absence of uniform criteria to establish
the presence of pulmonary complications and to describe
the preoperative and postoperative therapeutic regimen, as
well as the relative importance given to the risk factors of
pulmonary complications, which may contribute to
discrepancies in the results [27].

The demonstration and explanation of the importance of
ventilatory exercises and early mobilization by the
physiotherapist are important [16]. However, the reported
postoperative complications did not have clinical relevance
to the point that the patient required specific therapeutic
intervention or more time of hospitalization. Thus, the greater
attention given to the patient in the preoperative period can
influence the faster postoperative recovery.

Based on this study, it is possible to predict that patients
instructed in the preoperative period will be better prepared
to collaborate with the necessities of the postoperative
therapy. Their understanding of the aims of preoperative
and postoperative physiotherapy, the resulting limitations
of the surgical process and the proposed physiotherapeutic
technique, will possibly help in the recovery and so reduce
the time of hospital stay.

Thus, it is important to think of the cost-effectiveness of
a preoperative physiotherapy program, of at least two
sessions, which may, not only reduce the hospital stay, but
reduce the hospital costs. The incidence of pulmonary
radiological complications already suggests that a new
sample size should be studied in order to verify the
effectiveness of preoperative physiotherapy in the
incidence of pulmonary radiological complications, as the
size was not sufficient to demonstrate the efficacy of the
treatment in the present study. On the other hand, differences
were not found in respect to the maximum inspiration muscle
strength (maximum PI) and forced expiratory volume in one
second (FEV1), in the patients who participated in this study.
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