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Effects of suppression of endotracheal suctioning
in the incidence of pulmonary complications on
the postoperative cardiac surgery
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ABSTRACT | INTRODUCTION: Endotracheal suction is routinely used

RESUMO | INTRODUÇÃO: Aspiração traqueal é utilizada rotineiramen-

after cardiac surgery to ensure adequate ventilation. OBJECTIVE: To

te após cirurgia cardíaca para garantir adequada ventilação. OBJETIVO:

verify if that the absence of endotracheal suctioning before extubation

Verificar se a ausência da aspiração traqueal antes da extubação em

in patients without signs of bronchial secretion have influence on the

pacientes sem sinais de secreção brônquica influencia na incidência

incidence of pulmonary complications, beyond hemodynamic and

de complicações pulmonares, além de repercussões hemodinâmicas

ventilatory repercussions of the procedure and costs. METHODS:

e ventilatórias do procedimento e custos. MÉTODOS: Pacientes foram

Patients were evaluated between August/2012 and July/2014, divided

avaliados entre agosto/2012 e julho/2014, divididos igualmente em

equally into ASP Group (tracheal aspiration prior to extubation) and

Grupo ASP (aspiração traqueal prévia à extubação) e NASP (sem aspi-

NASP (without prior aspiration). Individuals with: first cardiac surgery,

ração prévia). Foram incluídos indivíduos com: primeira cirurgia cardía-

age between 18 and 75 years, BMI ≤ 30 kg / m² and without previous

ca, idade entre 18 e 75 anos, IMC ≤ 30 kg/m² e sem doença pulmonar

lung disease were included. Individuals with ECC time > 120 minutes,

prévia. Foram excluídos indivíduos com tempo de CEC > 120 minutos,

need for mechanical circulatory assistance, PaO2 / FiO2 ratio <200,

necessidade de assistência circulatória mecânica, relação PaO2/FiO2 <

SpO2 <92%, intubation time> 12 hours, MBP <60 mmHg and signs

200, SpO2 < 92%, tempo de intubação > 12 horas, PAM < 60 mmHg

of pulmonary secretion were excluded. Hemodynamic, ventilatory

e sinais de secreção pulmonar. Variáveis hemodinâmicas, ventilató-

variables, pulmonary complications and hospital costs were assessed.

rias, complicações pulmonares e custos hospitalares foram avaliados.

RESULTS: 228 patients were analyzed (ASP = 114 NASP = 114). HR,

RESULTADOS: Foram analisados 228 pacientes (ASP= 114 NASP= 114).

SBP, DBP and MBP increased after aspiration and post extubation

FC, PAS, PAD e PAM elevaram-se após aspiração e pós extubação nos

in the groups, returning to baseline values over time. There was

grupos, retornando aos valores basais no decorrer do tempo. Não hou-

no statistical difference in RR and SpO2. Pulmonary complications

ve diferença estatística na FR e SpO2. Complicações pulmonares repre-

accounted for 7.8%, with no difference between groups. CONCLUSION:

sentaram 7,8%, sem diferença entre os grupos. CONCLUSÃO: A supres-

The suppression of tracheal suctioning in patients in the immediate

são da aspiração traqueal nos pacientes em pós-operatório imediato

postoperative period of cardiac surgery did not influence the incidence

de cirurgia cardíaca não influenciou na incidência de complicações pul-

of pulmonary complications and postoperative clinical evolution. During

monares e evolução clínica pós-operatória. Durante aspiração, houve

aspiration, there were hemodynamic and respiratory changes, with no

alterações hemodinâmicas e respiratórias, sem repercussões clínicas,

clinical repercussions, but these same changes occurred in the NASP

porém estas mesmas alterações ocorreram no grupo NASP após extu-

group after extubation, to a lesser extent. Endotracheal suctioning

bação, em menor intensidade. Aspiração endotraqueal sem indicação

without indication proved to be costly and wasted professionals' time.

mostrou-se custosa e com desperdício de tempo dos profissionais.
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Introduction

Methods
Participants

Endotracheal intubation is commonly used in
cardiac surgery to ensure adequate ventilation
and monitoring. Nevertheless, it prevents effective
mobilization and removal of bronchial secretions1.
Endotracheal suctioning of bronchial secretions
in patients, who have been intubated, is applied to
ensure airway patency2 and prevent pulmonary
complications3,4.

This prospective, observational, randomized study
was conducted between August 2012 and July 2014
in the surgical intensive care units (ICUs) of the Heart
Institute of the Hospital das Clinicas, Medical School,
University of São Paulo. The intervention protocol
received ethical clearance under CAAE number
11855413.3.0000.0068. The study sample comprised
228 subjects, who were equally randomized into
two groups: the ES group (endotracheal suctioning,
i.e., extubation with previous endotracheal and
nasotracheal suctioning) and the NES group (non
endotracheal suctioning, i.e., extubation without
previous tracheal and nasotracheal aspiration).

This procedure routine is highly applicable but
may cause undesirable effects such as decreased
dynamic compliance and functional residual
capacity, atelectasis, hypoxemia, tissue trauma to the
tracheal and/or bronchial mucosa, bronchospasm,
cardiovascular instability and cardiac arrhythmias,
pain and anxiety5-7.

Only patients subjected to a first heart surgery were
eligible for the study. The inclusion criteria were: age
of 18–75 years, body mass index (BMI) ≤ 30 kg/m², and
absence of previous pulmonary disease. Subjects were
excluded in cases of cardiopulmonary bypass time >
120 min, the need for mechanical circulatory assistance,
PaO2/FiO2 < 200, peripheral oxygen saturation (SpO2)
< 92%, intubation time > 12 hours, and mean blood
pressure (MBP) < 60 mmHg. The patients with bronchial
secretion, characterized by a sawtooth pattern on
the flow-volume loop, secretion in the endotracheal
cannula, or coarse crakles sounds, were also excluded.

These complications may be accentuated in postcardiac surgery patients due of hemodynamic
changes caused by the surgical procedure. Moreover,
these complications may be associated with previous
pre and postoperative clinical conditions.
Therefore, endotracheal suctioning should be
indicated only in specific cases. The presence of
bronchial secretions can be detected by auscultation
of lung sounds such as coarse crackles, visible
secretions in the orotracheal tube, sawtooth
pattern on the flow-volume loop, and increased
peak inspiratory pressure during volume-controled
mechanical ventilation.

Protocol
The subjects who fulfilled the study criteria were
included at the time of admission to the surgical ICU.
They were intubated and ventilated with parameters
adjusted to ensure SpO2 ≥ 95%.

However, in the immediate postoperative period,
patients are routinely subjected to endotracheal and
nasotracheal suctioning before extubation, despite a
brief time of mechanical ventilation and no signs of
bronchial secretion retention.

In the absence of respiratory, metabolic, hemodynamic,
or neurological alterations, a ventilatory support
withdrawal program was implemented gradually.
At the pre-extubation moment, the subjects were
randomized into two groups:

To verify our hypothesis that the absence of
endotracheal suctioning before extubation in patients
without signs of bronchial secretion doesn’t influence
on the incidence of pulmonary complications,
we proposed this study which performed in the
immediate postoperative period of cardiac surgery.
We also evaluated the hemodynamic and ventilatory
repercussions of the procedure involving extubation
and costs.

•

ES group. In the recumbent position, FiO2
was increased to 1.0 for 1 min, and SpO2 was
monitored. Subsequently tracheal aspiration was
performed and the patient was reconnected to the
ventilator until normalization of SpO2. After that,
nasotracheal aspiration was performed, followed
by oral aspiration. During maximal inspiration,
the cuff was deflated, and the endotracheal tube
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was removed. Subsequently, a nasal oxygen
catheter was installed, with an oxygen flow rate
of 5 L/min to maintain the SpO2 equal or higher
than 95%.
NES group. In the recumbent position, the
mechanical ventilator was disconnected, the cuff
was deflated, the patient was asked to inhale at
maximal capacity, and the endotracheal tube was
removed. Subsequently, a nasal oxygen catheter
was installed, with an oxygen flow rate of 5 L/min
to maintain the SpO2 equal or higher than 95%.

The analysis of costs was based on the materials used
in the suctioning procedure and the time spent by the
professionals involved. In the ES group, the materials
used were 20-mL syringes, suctioning catheter,
airway secretion collector, sterile gloves, procedure
gloves, and surgical masks. The materials used in the
NES group were procedure gloves, surgical mask, and
syringe. Endotracheal suctioning was performed by
two professionals.

The length the procedure was calculated for both
groups and started when the patient was disconnected
from the mechanical ventilator and ended when the
delivery of oxygen therapy was complete.

The primary outcome was the rate of occurrence
of postoperative pulmonary complications in the
study groups (5%). Anthropometric characteristics,
cardiopulmonary bypass time, mechanical ventilation
time, ICU stay, and hospital stay were compared
using Student t-test or its equivalent Mann–Whitney
test. Two-way repeated measures analysis of
variance (RM-ANOVA) and Tukey test were used for
multiple comparisons. The chi-square test (x2) was
used to determine the prevalence of pulmonary
complications. SPSS (version 21) was used for
statistical analysis. A significance level of p<0.05 was
chosen for all tests.

•

Statistical analysis

Hemodynamic variables, including systolic blood
pressure (SBP), diastolic blood pressure (DBP), MBP,
and heart rate (HR), were determined using bedside
monitors. Respiratory frequency was measured by the
observation of thoracic movements. These variables,
in addition to SpO2, were collected before extubation,
immediately after extubation, every minute in the
first 10 min immediately after the procedure, and at
every 30 and 60 min after the procedure. The length
mechanical ventilation, orotracheal intubation, ICU
stay, and hospital stay were also calculated.

Results

All subjects were followed up during the hospital
stay to evaluate the incidence of postoperative
complications, which were classified as infectious,
hemodynamic, neurological, or others. Infectious
pulmonary complications were classified as
tracheobronchitis and pneumonia, according to the
guidelines of the Committee for Hospital Infection
Control9. Tracheobronchitis: presence of fever
(temperature ≥ 37.5°C), increased amount of lung
secretion with a purulent appearance, and absence of
new infiltrate in pulmonary parenchyma, as assessed
by thoracic radiography. Pneumonia: crackles on
auscultation or dullness to percussion, and one
of the following criteria 1) positive blood culture,
sputum with pus or other changes, bacterial isolation
from biopsy or bronchoalveolar lavage samples; 2)
alterations in the thoracic radiological examination,
with the presence of a new or progressive infiltrate,
consolidation, cavitation, or pleural effusion.

A total of 504 individuals were recruited to the
study, as shown in Figure 1. From these, 276 (55%)
were excluded: a) presence of bronchial secretion
(20%); b) cardiopulmonary bypass time > 120 min
(20%); c) PaO2/FiO2 < 200 (38%); d) other causes,
including mechanical ventilation time > 12 hours
(4%), hemodynamic instability requiring a new
surgical approach (4%), use of mechanical circulatory
assistance (6.5%), accidental extubatinon (1.8%),
convulsion (0.36%), and bronchoaspiration (0.36%). A
total of 228 subjects were randomly assigned to one
of the two study groups (114 subjects to each group).
The characteristics of the participants and
hospital stay are presented in Table 1. There was a
predominance of male patients (69% ES and 59%
NES). Anthropometric data and hospital stay were not
significantly different between the groups, except for
cardiopulmonary bypass time, which was lower in the
ES group (p=0.02).
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Figure 1. Flow chart of patient's study

Table 1. Characteristics anthropometrics, surgical and stay of the ES (Endotracheal Suctioning) and NES (ncn endotracheal suctioning) groups
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Postoperative complications
Postoperative pulmonary complications were present in 7.8% of the study sample. In the ES group, five individuals
with tracheobronchitis (8%) and six with pneumonia (10%). In the NES group, these complications occurred in
three (5%) individuals and four (7%) individuals, respectively (Figure 2).
Figure 2. VCase number of infection pulmonary complications in ES and NES groups. Chi-square test (x²)

Effects on heart rate and arterial blood pressure
Figure 3 illustres the variations in the HR, SBP, DBP, and MBP.
Immediately after extubation (minute 0, M0), HR values showed a significant increase up to M5, with no difference
between the groups (p=0.55). The highest values were recorded at M1 and ranged from 102 (pre-extubation) to
111 beats/min in ES and from 105 to 108 beats/min in NES.
The intergroup difference in SBP was statistically significant (p=0.009). The highest values were observed in ES
before extubation, immediately after extubation, and until M7. The highest values occurred from M0 to M2 in ES
and at M3 in NES. The intergroup differences in the average DBP values were statistically significant from M0 to
M2. DBP increased in ES but decreased in NES. The intergroup difference in MBP was statistically significant from
M0 to M4. In both groups, MBP returned to its initial levels at M8 (Figure 3).
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Figure 3. Hemodynamic values before and after extubation procedure in ES and NES groups

Effects on oxygenation and respiratory frequency
Figure 4 illustres the variations in respiratory frequency and SpO2.
Endotracheal suctioning significantly increased SpO2 and the respiratory frequency, and the intergroup differences
were significant at M0. In the ES group, SpO2 decreased from 99.3% to 98.0% (pre-extubation vs. M0); the values
at other time points were significantly lower than those at pre-extubation. In the NES group, the lowest SpO2 was
at M1, and the value returned to baseline after 60 min.
The respiratory frequency in ES and NES increased at M0, with a significant intergroup difference (p=0.002). In
the ES group, the increase occurred from 15.5 to 21.6 inspirations/min (pre-extubation vs. M0) and remained
elevated up to M4; subsequently, the reductions were gradual up to M60, when they returned to baseline. In NES,
a significant elevation occurred up to M5 and returned to baseline at M10 (Figure 4).
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Figure 4. Respiratory values before and after extubation procedure in ES and NES groups

Discussion

Procedure costs and time
At the time of the study, the calculated material cost
of the aspiration procedure was R$7.23 for each
patient from the ES group with total cost of R$824.22.
Which are: 1 pair of sterile gloves R$1.45, 2 pairs of
procedure gloves R$0.40, 2 surgical masks R$0.12, 1
20ml syringe R$0.27, 1 probe suction pump with valve
number 12 R$0.39 and 500ml secretion collector
R$4.60. In the NES group, the individual cost was
R$0.79, which are: 2 pairs of procedure gloves R$0.40,
2 surgical masks R$0.12, 1 20ml syringe R$0.27. The
total cost of was R$90.0610.

In this study, participants without signs of bronchial
secretion were extubated without endotracheal
suctioning procedure. This strategy did not affect the
incidence of pulmonary complications and the length
of hospital stay. Conversely, endotracheal suctioning
caused greater cardiovascular stress, demanded more
time from the professionals, and increased costs.
Pulmonary dysfunctions are frequent in the
immediate postoperative period of cardiac surgery.
The most common complications are atelectasis and
pleural effusions and are mainly due to sternotomy,
use of anesthetic drugs, length of mechanical
ventilation, and opening of the pleural cavity.

In the ES group, the length of the procedure for each
patient was 2 minutes and 68 seconds. The time
spent by the professionals was 357 minutes and 20
seconds, totaling 714 minutes and 40 seconds, or 12
hours 30 minutes and 6 seconds, considering that
two professionals were involved in the aspiration
procedure. In the NES group, the length of the
procedure for each patient was 28 seconds, and the
time spent by one professional was 53 minutes and
20 seconds.

The incidence of pulmonary complications, defined as
those that produce identifiable disease or significant
dysfunction that affects clinical evolution, tends to be
lower in the postoperative period of cardiac surgery.
In this institution, these complications are classified
as tracheobronchitis and pneumonia, according
to criteria established by Committee for Hospital
Infection Control9.
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In this study the incidence of postoperative pulmonary
infections ranged from 7.8% (3.5% of tracheobonchitis
and 4.3% of pneumonia). Institucional data show the
incidence of postoperative pulmonary infection is
between 5.3 to 9.911. In others studies that involved
subjects in the postoperative period of myocardial
revascularization, undergoing physical therapy, this
incidence ranged between 7.1%12 and 10%13. For valve
surgery, 11% of subjects who were considered to be
at low surgical risk developed pulmonary infection14.

tracheal region, which has several mechanoreceptors16.
The consequent irritation of the airways can trigger
hemodynamic oscillations via autonomic modulation
and increase in the HR19,20. Other effects such as vagal
stimulation, bronchospasm, reduction of the oxygen
supply to the lungs, and microatelectasis have also
been described17. These effects were not found in
our study; the possibility of such occurrences made
the procedure selective and recommended only in
specific cases.

The infection rate did not change regardless of the
use of endotracheal suctioning before extubation.
Physical therapy is routinely provided to all surgical
subjects to improve pulmonary volumes and maintain
airway free of bronchial secretion and may decrease
the incidence of pulmonary infections. It is known
that most patients undergoing to cardiac surgery
present restrictive ventilatory pattern, with the loss
of pulmonary volumes and ventilatory capacity. In
addiction pulmonary infections are associated with
other factors, including smoking, alcoholism, and the
degree of cardiac failure before surgery15.

We did not observe the occurrence of adverse
effects, including cardiac arrhythmias18. Oxygen
supplementation (FIO2 = 1) during suctioning probably
avoided hypoxemia and arrhythmias. The variations
in the oxygenation observed in our subjects were
small, and none of the them evaluated presented
hypoxemia. Conversely, although hyperoxygenation
prevents hypoxemia, it does not prevent the effect
of negative pressure and of the disconnection of the
mechanical ventilatior on the pulmonary volume that
may cause microatelectasis.
Arterial blood pressure should be monitored in the
postoperative period of cardiac surgery because it
is one of the vital signs that indicate early changes
in cardiovascular function18. SBP increases during
and after endotracheal suctioning. The act of
coughing, which is common during endotracheal
suctioning and extubation procedures, can cause
tachycardia, hypertension, and excessive release of
catecholamines, consequently increasing the demand
of the myocardium for oxygen19,20.

The absence of detectable bronchial secretion
justified the procedure of extubating individuals
without perform endotracheal suctioning. The
clinical evolution of these individuals confirmed that
endotracheal suctioning was not indicated for these
cases and therefore should be avoided.
The length of hospital stay in the postoperative period
was similar between the groups, ranging from 9 to 17
days, and this result is in line with institutional data11.
The preoperative criteria used in our subjects allowed
their classification as having a low surgical risk with
a probable complication-free clinical evolution.
Although 24.5% of them developed postoperative
complications, this magnitude was not significant
to change the clinical evolution and the length of
hospital stay.

Our results indicate that during extubation, DBP
increased in the ES group and decreased in the
NES group; however, immediately after extubation,
this variable increased in both groups. The positive
pressure used in mechanical ventilation increases
pleural pressure and, consequently, the pressure in
the pericardial region. The pressure generated within
the pericardial sac may cause diastolic restriction of
the left ventricle, decrease the overall transmural
pressure of the cardiac chambers, and affect diastolic
ventricular function. Positive pressure withdrawal
causes the return of pleural pressure to subatmospheric values, decompression of the vena cava,
and increased venous return, resulting in increased
filling of the heart chambers and increased cardiac
output21. The decrease in the intrathoracic pressure
and increase in cardiac output leads to the immediate

Acute effects of endotracheal suctioning
It is known that the extubation procedure changes
the cardiorespiratory system. We observed that
regardless of the study group, extubation increased
the HR and arterial blood pressure, particularly in the
first 5 min. However, the largest increase occurred
during endotracheal suctioning. This result is, in part,
due to the insertion of the aspiration catheter into the
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increase in arterial pressure, as demonstrated in our
results. However, over time, the pressure tends to
normalize by the increased sense of comfort reported
by the patient, greater control of pain, and the effect
of analgesic drugs22.

the PaO2/ FiO2 ratio was not evaluated; c) pulmonary
complications based on medical records in electronic
medical records.

We observed that the respiratory frequency
increased significantly in the ES group. It is possible
that the negative pressure generated by aspiration
causes different degrees of pulmonary collapse and
increases the respiratory frequency to maintain
constant ventilation. However, the respiratory
frequency increased in both groups, and this can
be caused in part by the loss of pulmonary volume
after pressure support withdrawal, postoperative
pain, mechanical restriction, and presence of drains,
among others23,24.

Conclusions
In our study, the suppression of endotracheal
suctioning before extubation in the immediate
postoperative period of cardiac surgery in patients
without signs of bronchial secretion did not affect the
incidence of pulmonary complications and hospital
stay. On the other hand, this suppression optimized
the professional time and reduced costs.
Moreover, extubation caused hemodynamic and
respiratory alterations without clinical repercussions.
Endotracheal suctioning potentiated these changes
and increased costs.

The careful evaluation of the real need for tracheal
suctioning in subjects in the immediate postoperative
period of cardiac surgery avoids common practice,
reduces health costs, and optimizes the period of
physical therapy.
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Endotracheal suctioning is a risk factor to the patient.
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and wrong choices.
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