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Abstract

Introduction: Respiratory functional assessment is of paramount importance, since it estimates and monitors the behavior of lung volumes and
capacities, especially vital capacity (CV), which is frequently reduced in patients undergoing cardiac surgery.

Objective: To evaluate the impact of a physiotherapeutic protocol based on CV on the functional capacity in patients in the postoperative period

(PO) of CC.

Methods: This is a randomized, controlled clinical trial. The patients were divided into two groups: control group (CG) was conducted according
to the unit routines, while the intervention group (GI) underwent a pulmonary expansion protocol based on CV. In addition, a six-minute walk test

(6MWT) was performed to assess functional capacity.

Result: The final sample consisted of 40 patients (20 in each group), 26 men (65%) and mean age 53+16 years. CV on the day of hospital
discharge was significantly higher in GI (36.04+6.03 vs 30.83+7.5ml/kg, p=0.01), and the same CV behavior was observed in the day Of hospital
discharge (25.9+9.5 vs 36.0+6.0ml/kg, p<0.001). Regarding the 6MWT at hospital discharge, the GC ranged 413+90 meters versus 486+116 meters

(p=0.03).

Conclusion: A CV-based pulmonary expansion protocol is associated with a significant increase in functional capacity in patients undergoing

cardiac surgery.
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Introduction

Cardiac surgery (CS) is a highly complex procedure that can
generate several postoperative changes. With the technological ad-
vance, the surgical procedure became the most advanced stage of
the treatment of diseases of the cardiovascular system [1]. In 2008,
10,652 surgeries of myocardial revascularization and/ or valve re-
placement were performed during the period from January to June
in Brazil [2]. Even with all technological advances that aim to in-
crease and prolong the quality of life of patients undergoing this
surgery, this procedure continues to favor the development of alte-
rations in lung function [3].

Several factors may influence respiratory mechanics and gas
exchange in CS, increasing the risk of pulmonary complications,
such as obesity, chronic obstructive pulmonary disease, pulmonary
congestion, smoking habit and heart failure [4]. The alveolar collap-
se resulting from the reduction of pulmonary volumes and capaci-
ties is the main respiratory complication observed in postoperative
patients of thoracic and abdominal surgeries [5].

The physiotherapeutic resources for pulmonary expansion in
this profile of patients are aimed at reducing the volume loss, with
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consequent reduction of functional residual capacity (FRC), which
can lead to hypoxemia and increase in the risk of infections and
lung injury, if not reversed [6]. The vital capacity (VC) is an impor-
tant functional marker in patients submitted to CS, demonstrating
the pulmonary function behavior and guiding the design of the phy-
siotherapeutic protocols.

Respiratory physiotherapy has been widely used in postopera-
tive CS due to the benefits of pulmonary expansion therapy (PET),
including earlier restoration of VC and other indexes related to pul-
monary function. Among the main techniques and resources used
in PETwe highlight the ventilatory patterns, positive end-expira-
tory pressure (PEEP) and incentive spirometry [5].

In a study conducted by Leguisamo et al. [7] 86 individuals who
performed PET observed that patients who in the preoperative pe

riod applied a protocol of guidelines on respiratory physiothera-
py and for 15 days exercises such as diaphragmatic, a significantly
shorter hospital stay compared to individuals who were only advi-
sed one day before surgery.

Therefore, the objective of the present study was to evaluate the
impact on the vital capacity and functional capacity of a protocol
of Pulmonary Expansion Therapy in patients undergoing cardiac
surgery.

Materials and Methods

This is a randomized, controlled clinical study in patients un-
dergoing cardiac surgery at the Instituto Nobre de Cardiologia. It
was submitted and approved by the Research Ethics Committee of
the Faculdade Nobre in Feira de Santana-Bahia. Patients who un-
derwent elective cardiac surgery (myocardial revascularization,
aortic or mitral valve replacement, and correction of inter-atrial
communication) were included via sternotomy and extracorporeal
circulation, over 18 years of age and of both sexs.

Patients with hemodynamic instability at the time of the mea-
surements, history of previous CS, difficulty in understanding or
performing physical therapy measures and/or behaviors, those
who underwent noninvasive ventilation for more than 24hours af-
ter admission to the ICU, were excluded. Were hospitalized in the
ICU for more than 4 days, with functional limitation to perform the
walk test, with ventilatory disturbance to spirometry performed in
the preoperative period and who did not agree to sign the Free and
Informed Consent Term.

In the preoperative period all the patients performed an evalua-
tion of the functional capacity through the Six-Minute Walk Test
(6MWT). According to the American Thoracic Society (ATS) the test
must be performed in a corridor with 30 meters, flat and totally free
of obstacles. Before the test, blood pressure, pulse oximetry, level of
dyspnea (Borg scale), heart rate and respiratory rate were analy-
zed. The patient was advised to walk as fast as possible, without
running, walking in this corridor for a time of six minutes. After the
test, the patient sat down and the vital signs were again evaluated.

All patients received general anesthesia and the surgical pro-
cedure was performed with extracorporeal circulation via median
sternotomy. On admission to the ICU, patients were submitted to
mechanical ventilation with a tidal volume of 6 to 8ml/kg of predic-
ted weight, Positive End-expiratory Pressure (PEEP) of 5cm H,0,
respiratory rate programmed to maintain the partial pressure of
carbon dioxide in arterial blood between 35 to 45mmHg and Inspi-
red Oxygen Fraction required to maintain Peripheral Oxygen Satu-
ration above 92%. After extubation, the patients were followed up
and submitted to standard procedures, according to the norms and
routines of the unit, without the intervention of the researchers.

After discharge from the ICU, the patients were randomly divi-
ded into two groups: control group (CG) or intervention group (IG).
The CG received conventional treatment of the unit, which consists
of reexpansive ventilatory patterns (maximal and sustained ins-
piratory and fractional inspiration), diaphragmatic stimulation,
active kinesiotherapy, ambulation and cycloergometer for lower
limbs. These individuals had the VC evaluated on the first day after
discharge from the ICU and on the day of hospital discharge. For
VC measurement, patients were seated in the armchair, the patient
was asked to take a deep breath, close to the total lung capacity,
followed by a maximal and slow expiration until near the residual
volume, through a facial mask Connected to the Wright Mark 8
analogue ventilator (Ferraris), with a 35mm display, two 0-11/min
and 0-1001/min dials. Three measurements were taken, with a one
minute interval between them, adopting as reference, the highest
value obtained.

The IG was submitted to Pulmonary Expansion Therapy based
on the daily VC value using the following criteria: when a CV<15ml/
kg was obtained continuous positive airway pressure (CPAP 15cm
H,0); When the VC was between 15 and 20ml/kg, positive pressure
was used at the end of expiration (EPAP 15 cm H,0); For a VC be-
tween 20 and 30ml/kg flow stimulation spirometry was used; And
when a VC >30ml/kg was observed, deep breathing exercises were
performed. The VC was evaluated daily until the day of hospital dis-
charge, and the physiotherapeutic intervention was maintained or
modified according to the value of this variable. In addition to the-
se conducts, kinesiotherapy, ambulation and cycle ergometry were
performed for MMII.

On the day of hospital discharge, all patients underwent VC and
6MWT evaluation.

Chi-square test was used to evaluate the categorical variables.
The Wilcoxon test was used to evaluate the intragroup data, and
the Mann Whitney test compared the groups to each other. For all
statistical tests, the significance level adopted was alpha 5%.

Result

The final sample consisted of 40 patients, divided between GC
(n=20) and GI (n=20). The sample was mostly composed of men 26
(65%) and the mean age was 53.5+16 years. Table 1 presents the
general characteristics of the sample studied.
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Table 1: Characteristics of the patients.

Variable Group Control Intervention Group P
Gender

Male 12 (60%) 14 (70%) 0,52

Age (year) 54+17 53+15 0,63°

Type of Surgery 0,66°
Revascularization of the myocardium 11 (55%) 13 (65%)
Exchange of Valva Mitral 6 (30%) 4 (20%)

IAC Correction 1 (5%) 1 (5%)

Aortic Valve Exchange 2 (10%) 2 (10%)

ECC Time (minutes) 80,5+28,1 68+19,9 0,24°

MV time (hours) 1215 7,5+4,7 0,31°

a: Teste de Quiquadrado; b: Teste de Mann-Whitney; IAC: Interatrial communication; ECC: Extracorporeal circulation;

MV: Mechanical Ventilation.

The VC behavior, assessed at the beginning and at the end of the
study protocol, is shown in Table 2. No significant difference was
observed in VC behavior in the CG (26.5+8.9 vs 30.8+7 , 5ml/kg,
p=0.08), while in IG a significant increase was observed at the end
of the study protocol (25.9+9.5 vs 36.0+6.0ml /kg, p <0, 01). No sig-
nificant difference was observed between the groups in the analy-

Table 2: Variation of intergroup vital capacity.

sis of VC obtained at the beginning of the study protocol (26.5+8.9
vs 25.9+9.5ml/kg, p=0.83). At the end of the study, VC was signifi-
cantly higher in IG than in CG (36.0+6.0 vs 30.8+7.5ml/kg, p=0.01).

Regarding performance in the walking test (Table 3), a signifi-
cant difference was observed between groups (413+90 vs 486+116,
p =0.03).

Variable Initial VC Final VC p?
Group control 26,5+8,9 30,8+7,5 0,08
Intervention Group 25,9+9,5 36,0+6,0 <0,01
p’ 0,83 0,01
a: Teste de Wilcoxon; b: Teste de Mann-Whitney; VC: Vital capacity Amounts in ml/kg.
Table 3: Variation of the Six-Minute Walk Test Intergroup.
Variable Control Group Intervention Group p?
6MWT (meters) 413+90 486x116 0,03

Teste de wilcoxon; 6MWT-six minutes walk test
Discussion

In the present study, a significant increase in VC was observed
in patients submitted to a pulmonary expansion therapy protocol
based on the daily evaluation of this variable, with an impact on the
improvement of the functional capacity of patients in the postope-
rative period of cardiac surgery.

The worsening of pulmonary function after cardiac surgery is
already well documented in the literature [1-7] and several authors
propose alternatives to optimize this function as early as possib-
le. Inspiratory muscle training (IMT), for example, is an alternative
for improving respiratory function and functional capacity [8]. Ma-

theus et al. [9] adopted an IMT protocol and observed that there
was an improvement in tidal volume and vital capacity on the third
postoperative day. Cordeiro et al. [10] using the same training pro-
tocol verified an improvement in the functional capacity evaluated
through the 6MWT.

Another feature used to improve vital capacity is Non-Invasi-
ve Ventilation (NIV), which consists of applying positive pressure
via an interface that does not enter the airway. Mazullo Filho and
colleagues [11] applied this feature immediately after extubation
of patients undergoing cardiac surgery and observed an increase in
CV (300 to 550 after NIV) that was maintained until the sixth pos-
toperative day. However, it has also been shown that preoperative

Volume 2 - Issue - 2

How to cite this article: André Luiz L C, Nassany M A, Hayssa d C M B, Simone B C, Emilly A D, et al. Protocol Based on Vital Capacity Influences the

Functional Capacity in Patients Submitted to Cardiac Surgery. Surg Med Open Acc

3/5
J. 2(2). SMOAJ.000532.2018. DOI: 10.31031/SMOAJ.2018.02.000532


http://dx.doi.org/10.31031/SMOAJ.2018.02.000532

Surg Med Open Acc]

Copyright © André Luiz Lisboa Cordeiro

guidelines have a positive impact on forced vital capacity after the
surgical procedure [7,12].

In a literature review, resources such as incentive spirometry,
deep breathing exercises, positive expiratory pressure and conti-
nuous positive airway pressure (CPAP) have been widely used in
the postoperative period of cardiac surgery in order to reestablish
pulmonary function [13]. It is noteworthy that in these studies the
patients maintained the technique during all hospitalization time,
different from the present study that altered the technique accor-
ding to the evolution of vital capacity.

Dias et al. [14] in their study affirm that there is a reduction of
vital capacity after surgery and regardless of the protocol used the-
re will be an improvement of this capacity. Despite the logic of this
statement, the goal in this patient profile is to restore pulmonary
function as quickly as possible, reducing the rate of complications
and length of hospital stay [15-17].

Shakouri et al. [18] concluded that the application of techni-
ques such as breathing exercises and flow enhancers increase lung
function in patients undergoing CS. It is worth mentioning that in
this study, the intervention was performed in the preoperative pe-
riod, where the patients performed physiotherapy sessions 15days
before the surgery, which consisted of orientation and instructions
for breathing patterns, incentive spirometry, improvement of the
efficacy of Cough, exercises aimed at strengthening inspiratory
musculature and optimizing thoracic expandability.

Conclusion

Based on these findings, it was verified that a Pulmonary
Expansion Therapy protocol based on vital capacity improves
pulmonary function and increases functional capacity in patients
undergoing cardiac surgery.
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