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Abstract
Objective: A retrospective cohort study was preformed
aiming to verify the presence of transient dysfunction of gas
exchange in the postoperative period of cardiac surgery and
determine if this disorder is linked to cardiorespiratory events.
Methods: We included 942 consecutive patients undergoing
cardiac surgery and cardiac procedures who were referred to
the Intensive Care Unit between June 2007 and November 2011.
Results: Fifteen patients had acute respiratory distress syndrome (2%), 199 (27.75%) had mild transient dysfunction of
gas exchange, 402 (56.1%) had moderate transient dysfunction
of gas exchange, and 39 (5.4%) had severe transient dysfunction
of gas exchange. Hypertension and cardiogenic shock were associated with the emergence of moderate transient dysfunction
of gas exchange postoperatively (P=0.02 and P=0.019, respectively) and were risk factors for this dysfunction (P=0.0023 and
P=0.0017, respectively). Diabetes mellitus was also a risk factor
for transient dysfunction of gas exchange (P=0.03). Pneumonia
was present in 8.9% of cases and correlated with the presence
of moderate transient dysfunction of gas exchange (P=0.001).
Severe transient dysfunction of gas exchange was associated
with patients who had renal replacement therapy (P=0.0005),
hemotherapy (P=0.0001), enteral nutrition (P=0.0012), or cardiac arrhythmia (P=0.0451).

Conclusion: Preoperative hypertension and cardiogenic shock were associated with the occurrence of postoperative
transient dysfunction of gas exchange. The preoperative risk
factors included hypertension, cardiogenic shock, and diabetes.
Postoperatively, pneumonia, ventilator-associated pneumonia,
renal replacement therapy, hemotherapy, and cardiac arrhythmia were associated with the appearance of some degree of
transient dysfunction of gas exchange, which was a risk factor
for reintubation, pneumonia, ventilator-associated pneumonia,
and renal replacement therapy in the postoperative period of
cardiac surgery and cardiac procedures.
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Resumo
Objetivo: Estudo de coorte retrospectivo com objetivo de
verificar a presença de disfunção transitória da troca gasosa
no pós-operatório de cirurgia cardíaca e determinar se esse
transtorno está relacionado a eventos cardiorrespiratórios.
Métodos: Foram incluídos 942 pacientes consecutivos submetidos à cirurgia cardíaca e procedimentos cardíacos, encaminhados para a Unidade de Terapia Intensiva, entre junho de
2007 e novembro de 2011.

This study was carried out at Universidade Estadual de Campinas (UNICAMP),
Campinas, SP, Brazil.
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transitória da troca gasosa moderada no período pós-operatório
(P=0,02 e P=0,019, respectivamente) e foram considerados fatores de risco para essa disfunção (P=0,0023 e P=0,0017, respectivamente). A presença de diabetes mellitus também foi considerada um fator de risco para disfunção transitória da troca gasosa
(P=0,03). Houve correlação entre a presença de pneumonia e a
presença de disfunção transitória da troca gasosa moderada em
8,9% dos casos (P=0,001). A presença de disfunção transitória da
troca gasosa grave foi associada a pacientes que necessitaram de
hemodiálise (P=0,0005), hemoterapia (P=0,0001), nutrição enteral (P=0,0012), ou arritmia cardíaca (P=0,0451).
Conclusão: A presença de hipertensão arterial sistêmica pré-operatória e choque cardiogênico foi associada à ocorrência de
disfunção transitória da troca gasosa pós-operatória. Os fatores
de risco pré-operatórios foram hipertensão arterial sistêmica,
choque cardiogênico e diabetes. No pós-operatório, pneumonia,
pneumonia associada à ventilação, hemodiálise, hemoterapia e
arritmia cardíaca foram associadas com certo grau de disfunção transitória da troca gasosa, que foi fator de risco para reintubação, pneumonia, pneumonia associada à ventilação e hemodiálise no pós-operatório de cirurgia cardíaca.

Abbreviations, acronyms & symbols
APACHE II
ALI
ARDS
CH
CPB
FiO2
ICU
PaO2
PCWP
PEEP
SD
SIRS
TDGE
UNICAMP
VAP

Acute Physiology and Chronic Health Evaluation II
Acute Lung Injury
Acute Respiratory Distress Syndrome
Clinics Hospital
Cardiopulmonary Bypass
Fraction of inspired oxygen
Intensive Care Unit
Partial pressure of oxygen
Pulmonary capillary wedge pressure
Positive end-expiratory pressure
Standard deviation
Systemic inflammatory response syndrome
Transient Dysfunction of Gas Exchange
Universidade Estadual de Campinas
Ventilator-Associated Pneumonia

Resultados: A síndrome do desconforto respiratório agudo foi observada em 15 (2%) pacientes, 199 (27,75%) pacientes
apresentaram disfunção transitória da troca gasosa leve, disfunção transitória da troca gasosa moderada foi observada em 402
(56,1%) pacientes e disfunção transitória da troca gasosa grave
em 39 (5,4%). A presença de hipertensão arterial sistêmica e
choque cardiogênico foi associada ao surgimento de disfunção

Descritores: Cirurgia Torácica. Complicações Pós-Operatórias. Fatores de Risco. Unidades de Terapia Intensiva.

INTRODUCTION

(ARDS) and acute lung injury (ALI) have been widely used
in patients after cardiac surgery with CPB in recent decades.
According to the criteria of the first consensus definitions of
ARDS and ALI (1994), several studies reported the incidence
of these disorders after such a procedure[4].
Recently, the criteria for the diagnosis of ARDS have been
changed. The current definition is based on the degree of hypoxemia, represented by the partial pressure of oxygen (PaO2)/
fraction of inspired oxygen (FiO2), namely, mild ARDS (PaO2/
FiO2 between 200 mmHg and 300 mmHg), moderate ARDS
(PaO2/FiO2 between 100 mmHg and 200 mmHg), and severe
ARDS (PaO2/FiO2<100 mmHg). In addition, four factors were
included for the diagnosis of severe ARDS (refractory hypoxemia, radiographic severity, respiratory system compliance,
and positive end-expiratory pressure)[7].
The criteria for defining DTGE this study were the same
ones used in the latest rankings of ARDS, described above.
Therefore, the primary objective of the present study was to
evaluate the presence of TDGE after cardiac surgery and to determine if there is an association between post-cardiac surgery
TDGE and cardiorespiratory events. As a secondary objective,
the presence of risk factors for the development of cardiorespiratory complications in the postoperative period was evaluated.

Cardiac surgery has a direct influence on the respiratory
system in patients with heart disease, affecting the morbidity
and mortality of patients postoperatively. Respiratory complications after cardiac surgery have been described in the
literature since 1965[1]. Respiratory system dysfunction can
occur due to general anesthesia, median sternotomy (which
leads to instability of the upper chest), cardiopulmonary bypass (CPB), prolonged myocardial ischemia, manipulation
during surgery, and number of chest tubes[1-4]. Changes in
pulmonary function occurring in the postoperative period
of cardiac surgery with CPB are secondary to the reaction
of heparin with protamine complex, edema, congestion, and
lung damage, in addition to microatelectasis. In most cases,
there is an absence of mechanical ventilation during CPB,
which, coupled with the inflammatory response due to surgical trauma, leads to changes in respiratory mechanics[2,5].
During CPB, blood contact occurs with non-endothelial
surfaces, leading to blood clotting; this clotting occurs along
with the activation of the inflammatory cascades and contributes to the increased weight of the pulmonary parenchyma and
the additional breakdown of cellular units, further impairing
gas exchange in these patients. Thus, the presence of postoperative hypoxemia is secondary to all these changes that impair
the ventilation/perfusion ratio[6]. Due to the occurrence of transient dysfunction of gas exchange (called TDGE in this study)
after surgery, the terms acute respiratory distress syndrome

METHODS
Study design and ethical considerations
The research project was approved by the ethics com-
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mittee of the institution, under the assigned number
409,460/2013. During the research, the medical information
and the privacy of the patients were kept confidential. The
data from this study were obtained from the database and
charts of patients from the Clinics Hospital (CH) of the State
University of Campinas (UNICAMP).

ICU protocols and procedures in the surgical center
The heart surgeries and procedures were carried out
by the same team for all patients. Surgical techniques and
procedures complied with the standards described by the
work-processes manuals of CH/UNICAMP. At the end of the
surgery or termination of the procedure, patients presenting
favorable clinical conditions were extubated in the surgical
room. If the patient’s clinical conditions were not favorable,
they were referred to the postoperative ICU, intubated, and
mechanically ventilated. Postoperative ICU patients were admitted by the multidisciplinary team and were then processed
using the admission protocol for surgical patients in the ICU.
The patients were then under the care of the ICU staff, who
attended to the patients according to the specific protocols of
the unit.

Population
Consecutive patients undergoing cardiac surgery and cardiac procedures referred to the ICU in between June 2007
and November 2011 were included in this study. The patients
included males and females and over the age of 14 years. The
initial observed sample included 942 patients, whose data
were collected prospectively and consecutively and stored in
the database of the ICU of Clinics Hospital at UNICAMP.
Data collection was performed daily, at the bedside by specially trained professionals (1998/3432 Ordinance). The data
from patients who had been readmitted and the data from patients with incomplete medical records were excluded from
the statistical analysis.
The demographic and clinical variables assessed in this
study were as follows:
1) type of surgery or cardiac procedure performed;
2) occurrence of TDGE after surgery and cardiac procedures. TDGE represents changes in PaO2/FiO2 present up to
48 hours after surgery;
3) preoperative cardiorespiratory system background and
its association with postoperative TDGE type;
4) presence of complications, infections, and post-operative interventions and their associations with postoperative
TDGE type;
5) length of stay in the ICU, occurrence of death in the
ICU, Acute Physiology and Chronic Health Evaluation II
(APACHE II) score, mortality provided by APACHE II, and
their association with TDGE;
6) risk factors for developing cardiorespiratory complications in the postoperative period.

Phases of the retrospective study
This study consisted of a data collection period followed
by the assessment and review of the database and the medical
records of patients. The tabulation of the data was revised,
and finally, the statistical analysis was performed. For the
statistical analysis, the program SAS System for Windows,
version 9.2 was used. Continuous variables are presented as
the mean ± SD. Categorical variables are expressed as absolute values and percentages. To verify an association, the chisquare test or Fisher’s exact test was used when necessary.
To test the relationship between the disease preoperatively
and TDGE, as well as the relationship between complications and interventions in the ICU and TDGE, the logistic
regression model with proportional odds was used. ANOVA
by ranks with transformation followed by the Tukey test was
used to compare TDGE groups (no, mild, moderate, severe)
with respect to the length of hospitalization in intensive care,
APACHE II and predicted mortality. To verify a linear trend
in proportions, the Cochran-Armitage test was applied. We
used Cox regression analysis to identify factors associated
with univariate complications and death. P<0.05 was considered significant for all tests.

Measuring instruments
The APACHE II scores were calculated for the patient’s
first 24 hours in the ICU; the patients’ mortality figures were
provided by that score[8].

RESULTS
Of the initial sample, 717 patients fulfilled the criteria of
the study. Patients who were readmitted or had data missing from their charts were excluded from the study. There
were 442 (61.6%) male and 275 (38.4%) female patients.
The average age of the patients was 56.1 years (SD=13.7).
The types of surgery and cardiac procedures performed are
described in Table 1.
In Table 2, the frequencies for TDGE are presented.
In Table 3, the background and preoperative comorbidities
and their correlations with postoperative TDGE are stated.
TDGE was associated with age (P<0.0001), and age was
also a risk factor (P<0.0001) for TDGE, as shown in Table 4.

Calculation of the ratio PaO2/FiO2
Tracks of the current classification for defining ARDS
were employed to determine four patient groups with
study TDGE: 1) absence of TDGE (PaO2/FiO2>300
mmHg), 2) mild TDGE (PaO2/FiO2 between 200 mmHg
and 300 mmHg), 3) moderate TDGE (PaO2/FiO2 between
100 mmHg and 200 mmHg), and 4) severe TDGE (PaO2/
FiO2<100 mmHg). The values of PaO2/FiO2 were from the
arterial blood gas analysis on the first postoperative day,
i.e., up to the 48th hour in the ICU.
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Table 1. Data of heart procedures.
Procedures performed
Myocardial revascularization
Valve exchange
Correction of aortic aneurysm
Atrial septal defect or interventricular
communication
Coronary artery bypass grafting combined
with valve replacement
Resection of cardiac tumor
Pacemaker implant
Reconstruction of left ventricle
Pericardial drainage
Cardiac transplantation
Other*

n
354
212
68

%
49.4%
29.5%
9.5%

35

4.9%

17
4
6
6
4
3
8
717

2.4%
0.6%
0.8%
0.8%
0.6%
0.4%
1.1%
100%

Table 2. The impact of postoperative TDGE.
TDGE levels
Absence
Mild
Moderate
Severe

n
%
77
10.7%
199
27.8%
402
56.1%
39
5.4%
717
100%
TDGE=Transient Dysfunction of Gas Exchange. Absence of
TDGE=PaO2/FiO2>300 mmHg; Mild TDGE=PaO2/FiO2 between
200 mmHg and 300 mmHg; Moderate TDGE=PaO2/FiO2 between
100 mmHg and 200 mmHg; Severe TDGE=PaO2/FiO2<100 mmHg

*Percentage of total group in parentheses

Table 3. Association of history and preoperative comorbidities with postoperative TDGE.
Preoperative data
Diabetes mellitus
Hypertension
Cardiogenic shock
Cardiac arrhythmia
Congestive heart failure
Cardiopulmonary arrest
Pneumopathy
Pneumonia
Deep vein thrombosis

Prevalence on
Sample
n
%
140
19.5%
377
52.6%
15
2.1%
26
3.6%
63
8.8%
17
2.5%
68
9.5%
12
1.7%
2
0.3%

Absent
n
7
34
0
2
7
1
5
3
0

TDGE levels
Mild Moderate Severe
n
n
n
39
83
11
93
224
26
1
11
3
7
16
1
19
34
3
5
8
3
17
40
6
2
7
0
1
1
0

Test for
Association
P-value*
0.057
0.022
0.019
0.098
0.966
0.172
0.442
0.373
-

Test for Risk Factor
Significance
95% CI
P-value** OR
1.49
1.03;2.14
0.035
1.56
1.17;2.07
0.002
5.67
1.92;16.75
0.001
1.14
0.53;2.45
0.738
0.89
0.54;1.46
0.645
1.68
0.63;4.46
0.297
1.44
0.88;2.37
0.15
0.64
0.22;1.85
0.405
-

TDGE= transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2>300 mmHg; TDGE mild=PaO2/FiO2 between 200 mmHg and 300 mmHg;
TDGE moderate=PaO2/FiO2 between 100 mmHg and 200 mmHg; severe TDGE=PaO2/FiO2<100 mmHg; Parentheses=percentage of the
total group OR=odds ratio; CI=confidence interval; P-value* (chi-square test); P-value** (logistic regression); Deep vein thrombosis: There
were not enough patients in the deep vein thrombosis group for statistical calculatios

Table 4. Association of age with TDGE (n=717).
Age Classes
≤44
45-54
55-64
65-74
≥75

n
124
162
229
153
49
717

%
17.3%
22.6%
31.9%
21.4%
6.8%
100%

Absent
n
26
16
21
8
6

TDGE levels
Mild Moderate Severe
n
n
n
42
49
7
55
86
5
52
139
17
45
91
9
5
37
1

Test for
Association
P-value*
0.0001
0.0001
0.0001
0.0001
0.0001

Test for Risk Factor Significance
OR
95%CI
P-value**
Reference class (baseline)
1.59
1.03;2.48
0.0001
2.62
1.72;3.99
0,0001
2.41
1.53;3.81
0.0001
3.00
1.56;5.78
0.0001

TDGE=transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2 > 300 mmHg; TDGE mild= PaO2/FiO2 between 200 mmHg and 300 mmHg;
TDGE moderate= PaO2/FiO2 between 100 mmHg and 200 mmHg; severe TDGE=PaO2/FiO2<100 mmHg; parentheses=percentage of total
group; OR=odds ratio; CI=confidence interval; * P-value (chi-square test); ** P-value (logistic regression) of lower risk compared to the
≤ 44-year group
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Interventions and complications in the ICU and their association with the appearance of TDGE are described in Table 5.
The occurrence of death within 48 hours and after 48
hours are described in Table 6. The he average length of stay
in the ICU and the mortality predicted by APACHE II are
described in Figure 1 and Figure 2.
Death within the first 48 hours after surgery and death
in the ICU were associated with the APACHE II score
(P=0.0105 and P<0.0001, respectively). Death within the
first 48 hours after surgery and death in the ICU were both associated with predicted mortality (P=0.0001, and P<0.0114,
respectively).

et al.[10]. The preoperative comorbidities diabetes mellitus
(19.5%) and hypertension (52.6%) were prevalent. A previous study observed diabetes mellitus in 29.6% of cases[8].
Compared with other developed countries, Brazil has a higher incidence of hypertension (90.7% vs. 60%) and diabetes
mellitus (37.2% vs. 29%)[9]. Diseases such as hypertension,
autoimmune diseases, peripheral vascular disorders, and
metabolic syndrome must be controlled and require great
care in the immediate postoperative period[10].
Other studies report preoperative comorbidities of dyslipidemia in 48% of cases and a family background of coronary artery disease in 38% of cases but report hypertension
in 75%[11] to 79%[2] of patients. In developed countries, cardiovascular diseases are the leading causes of death and are
increasing in occurrence in developing countries[12]. Oliveira
et al.[11] measured morbidity by measuring the occurrence
of the postoperative complications described above and the
mortality as the number of deaths. In our study, 0.84% of
individuals died within 48 hours, and 9.21% died after 48
hours of intensive care.
In Brazil, the mortality rate for myocardial revascularization is 6.2%. Several postoperative management protocols of
cardiac surgery have been studied with the purpose of pre-

DISCUSSION
Demographic variables, background, and preoperative comorbidities
The majority of the study population was male (61.6%),
with an average age of 56.1 years. This finding is consistent
with reports that the male population has a higher surgical
incidence (70.1%) than females in the under-60 population[9].
In this study, myocardial revascularization surgery was the
most common (49.4%), corroborating the findings of Laizo

Table 5. Complications and interventions in the ICU and their associations with TDGE.
Postoperative data
Pneumonia
VAP
Non-invasive mechanical
ventilation
Reintubation
Tracheostomy
Renal replacement therapy
Hemotherapy
Cardiac arrhythmia

Prevalence on
Sample
n
%
64
8.9%
4
0.6%
15
69
26
62
247
26

2.1%
9.6%
3.6%
8.6%
34.4%
3.6%

Absent
n
4
0
0
4
3
6
21
2

TDGE levels
Mild Moderate Severe
n
n
n
11
12
37
0
2
2
4
15
6
10
60
7

10
45
15
36
139
12

1
5
2
10
27
5

Test for
Association
P-value*
0.0001
0.0420
0.5400
0.2250
0.8460
0.0005
0.0001
0.0450

Test for Risk Factor
Significance
95% CI
P-value** OR
2.63
1.53;4.53
0.0005
19.51 2.75;138.45
0.003
0.247
0.042
0.651
0.002
0.0005
0.153

1.85
1.69
1.19
2.34
1.72
1.79

0.65;5.28
1.02;2.78
0.55;2.58
1.36;4.03
1.26;2.33
0.81;3.98

ICU=intensive care unit; TDGE=transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2>300 mmHg; TDGE mild=PaO2/FiO2
between 200 mmHg and 300 mmHg; TDGE moderate=PaO2/FiO2 between 100 mmHg and 200 mmHg; severe TDGE=PaO2/FiO2<100 mmHg;
Parentheses= percentage of total group; VAP=mechanical ventilation-associated pneumonia; P-value* (chi-square test); P-value** (logistic
regression); CI= confidence interval
Table 6. The occurrence of death within 48 hours and after 48 hours after surgery.
Postoperative data
Death within 48 hours
Death after 48 hours

Prevalence on
Sample
n
%
6
0.8%
66
9,2%

Absent
n
0
5

TDGE levels
Mild Moderate Severe
n
n
n
1
4
1
13
40
8

Test for
Association
P-value*
0.5420
0.0350

TDGE=transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2>300 mmHg; TDGE mild=PaO2/
FiO2 between 200 mmHg and 300 mmHg; TDGE moderate=PaO2/FiO2 between 100 mmHg and 200 mmHg;
severe TDGE=PaO2/FiO2<100 mmHg; * P-value=Tukey test for comparison of measures between TDGE
groups
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Fig. 1- The average length of stay in the Intensive Care Unit.
TDGE=transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2>300 mmHg; TDGE mild=PaO2/
FiO2 between 200 mmHg and 300 mmHg; TDGE moderate=PaO2/FiO2 between 100 mmHg and 200 mmHg;
severe TDGE=PaO2/FiO2<100 mmHg; * P-value=* ANOVA followed by transformation with posts by
Tukey’s test. TDGE Record significantly proved superior to other levels of TDGE regarding Apache II score.

Fig. 2 - Mortality predicted by APACHE II.
TDGE=transient dysfunction of gas exchange; TDGE absent=PaO2/FiO2>300 mmHg; TDGE mild=PaO2/
FiO2 between 200 mmHg and 300 mmHg; TDGE moderate=PaO2/FiO2 between 100 mmHg and 200 mmHg;
severe TDGE=PaO2/FiO2 <100 mmHg; * P-value: ANOVA followed by transformation with posts by
Tukey’s test. TDGE Record significantly proved superior to other levels of TDGE regarding Apac.
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dicting mortality[10]. In the study of Ribeiro et al.[13], especially in the postoperative period of cardiac surgery, 115,021
pulmonary complications contributed to the overall mortality
rate of 8%. In Brazil, the mortality rate after cardiovascular
surgery is approximately 8% in the Unified Health System[14].
APACHE II is an index that classifies critical patients according to the severity of their condition[15]. Our patients had high
APACHE II scores, similar to the study by Feijó et al.[16]. In a
prospective trial of 520 patients lasting 13 months in the ICU
of Hospital Sao Paulo, in which the APACHE II prognostic
index was applied, scores > 25 were associated with a higher
risk of death[15]. In our study, the APACHE II score (12.8 ±
4.2 points) and predicted mortality (17.9±9.5 points) were
correlated with the occurrence of severe TDGE (P=0.0001
for both), demonstrating that APACHE II score was effective to determine the severity of the patients in this study. Although mortality was high (10.5%), it was less than expected.

proposed: mild, moderate, and severe, based on the PaO2/
FiO2 ratio; chest X-ray criteria were clarified to improve
reliability between examiners; and the PCWP criterion was
removed and clarity was added to improve the ability to rule
out cardiac causes of bilateral infiltrates[17]. The last definition includes the measurement of PEEP, limiting the possibilities of diagnosis for patients without mechanical ventilation,
but the diagnosis of ARDS does not exclude these patients.
To evaluate our patients under the new classification of
severity of the ARDS PaO2/FiO2 ratio, we found that 89.26%
fit this criterion for diagnosis, suggesting a high incidence of
ARDS in this population. However, using only the PaO2/FiO2
ratio is not sufficient to define the presence of ARDS. Other factors are included in the dysfunctional gas exchange in
the postoperative period of cardiac surgery, such as systemic
inflammatory response syndrome (SIRS) with pulmonary repercussion, hyperdynamic frame, interstitial pulmonary edema, microatelectasis, and reduced surfactant. In most cases,
the pulmonary radiological image is normal, undercommitted lung compliance, and patients recover from this dysfunction in a few hours, including extubation after a few hours in
intensive care.
In the present study, of 89.26% of patients who presented
with TDGE, only 2% evolved with ARDS, according to the
criteria of the last consensus. The classification of ARDS as
mild, moderate, and severe was used to determine the degree
of TDGE. Based on these findings, the term ARDS should
only be used for patients who meet all the diagnostic criteria.
Therefore, we suggest that this acute and transient hypoxia that occurs in the postoperative period of cardiac surgery
(within 48 hours) be called transient dysfunction of gas exchange, as we have in this work.

Occurrence of TDGE after surgery and cardiac
procedures
Respiratory failure after heart surgery is an important factor of postoperative morbidity and mortality[4]. In this study,
15 (2%) patients had ARDS, 27.7% mild TDGE, 56.1% moderate TDGE, and 5.4% severe TDGE. In a study by Szeles et
al.[5], the PaO2/FiO2 ratio was used to assess the impact of the
seriousness of the hypoxemia in the immediate postoperative
period. The patients were divided into three groups: PaO2/
FiO2>200 (45.8%); PaO2/FiO2 between 150 and 200 (26.9%)
and PaO2/FiO2<150 (27.3%). That study reported that transient hypoxemia was not affected by an increase of mechanical ventilation time and that the inflammatory response to
surgical trauma and CBP caused lung damage, explaining the
transitional hypoxemia[5].
ARDS was present in 0.4% to 1.32% of the patients[4].
ARDS was first described by Ashbaugh & Petty, in 1967,
with these common characteristics: tachypnea, hypoxemia,
persistent opacification on chest X-ray, decreased complacency, and high mortality. In 1994, the first consensus for
ARDS was published, which defined four aspects: acute presentation, presence of hypoxemia (PaO2/FiO2<200 mmHg),
infiltrated bilateral on chest X-ray, and pulmonary capillary wedge pressure (PCWP) less than 18 cmH2O (to rule
out heart failure). Also defined in this consensus, similar to
ARDS, was ALI, defined as being present when the PaO2/
FiO2 ratio is between 200 and 300 mmHg[17].
Over the years, the criteria for ARDS did not correspond
to the manifestations of the syndrome. In 2012, the criteria
were revised using the following classification: the term
acute was defined as the occurrence of events of manifestation in one week or less; the term ALI was abandoned; and
the measurement of the PaO2/FiO2 relationship was amended
to require a minimal amount of positive end-expiratory pressure (PEEP)[7]. In addition, three categories of ARDS were

Association of TDGE with preoperative and postoperative factors
In our sample, increasing age was associated with increasing severity of TDGE, especially in patients older than 75 years,
whose risk is three times higher than patients younger than 44
years. In the study of Oliveira et al.[9], age>70 years was significantly associated with greater mortality (P<0.002). In this
study, the average length of stay in the ICU was 7.3±11.9 days,
similar to the average of 4.16±3.76 days in the study by Laizo
et al.[10]. There was a tendency for the prevalence of severe
TDGE to increase from 2007 to 2011(P=0.01).
Hypertension and cardiogenic shock were associated with
the emergence of moderate TDGE postoperatively (P=0.022
and P=0.019, respectively) and were risk factors (P=0.001 and
P=0.002, respectively) for the development of this dysfunction. Diabetes mellitus was a risk factor for TDGE (P=0.035).
Diabetic patients have chronic vasculitis, and when associated
with the postoperative inflammatory process, this condition
worsens, altering the relative pulmonary ventilation/perfusion
ratio, which corresponds to changes in gas exchange.
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The postoperative complications influence the length of
hospitalization of the patient, generating increased costs and
hospital mortality[18]. In this study, pneumonia was present
in 8.9% of cases and was associated with moderate TDGE
(P=0.001), which was a risk factor (P=0.0005) for the occurrence of postoperative pneumonia. Ventilator-associated
pneumonia (VAP) was present in 0.6% of the cases and was
associated with severe TDGE (P=0.042), which in turn was a
risk factor (P=0.003) for the development of VAP.
The low incidence of VAP in the study may be explained
by the implementation of prophylactic measures and the
awareness of the professionals of the ICU at the beginning of
2007. In a previous study, lung infection was more common
among the infectious complications (15.3%)[19]. In another
study, 7332 patients undergoing cardiac surgery, infectious
outbreaks were identified in 29 patients, 55% of them primary infections[14]. However, there is no study reporting the
occurrence of postoperative pulmonary complications[20].
Oliveira et al.[11] indicated the following as predictors of
postoperative infections: body mass index ≥ 40 kg/m2, preoperative hemodialysis, cardiogenic shock, preoperative age
≥ 85 years, preoperative immunosuppressive treatment, diabetes mellitus, CPB ≥ 200 minutes, and the revascularization
of three or more vessels.
Among the complications encountered in the period after
surgery, those that occur in the respiratory system contribute significantly to morbidity and mortality related to cardiac
surgery, as 3.5% to 10% of these morbidities and mortalities are caused by respiratory complications[21]. In large part,
these complications are explained by the use of CPB, which
causes an increase of inflammatory mediators leading to decreased ventricular contractility, which consequently increases vascular permeability and resistance of the organs.
Specifically in the pulmonary circulation, inflammatory
fluid accumulates interstitially, leading to the formation of
microatelectasis, hypoxemia, and hypoxic vasoconstriction.
These conditions decrease the local production of pulmonary surfactant, which leads to worsening pressures, lung
collapse, and pulmonary dysfunction, generating losses in
respiratory mechanics and increased respiratory work[12,22].
This situation results in pneumonic complications in respiratory mechanics[23]. Morsch et al.[2] used pulmonary radiological changes as diagnostic criteria for unventilated areas
and/or consolidation, pleural effusion, and collapsed lung.
Diagnostic criteria of postoperative lung infections are not
standard in the scientific literature and are associated or not
with radiological changes, leukocytosis, body hyperthermia, and isolation of pathogens in culture or in microscopic
analysis of[21].
Hypoxemia is among the leading pulmonary complications in the postoperative period of cardiac surgery; however,
other complications, such as pleural effusion, pneumonia,
pneumothorax, reintubation, and ventilatory insufficiency,

are also observed[24]. We used non-invasive mechanical ventilation therapeutically in 2.1% of cases, reintubation in 9.6%,
and tracheostomy in 3.6%. Reintubation was a risk factor
(P=0.042) for only postoperative TDGE.
Severe TDGE was associated with patients who had renal
replacement therapy (P=0.0005), hemotherapy (P=0.0001),
and cardiac arrhythmia (P=0.0450), with respective risk factors 2.34, 1.72, and 1.79. A large amount of information in
this study was collected from patient records, so the loss of
information is inexcusable. We sorted the information by category to extract the largest amount of available information.
CONCLUSION
We concluded that TDGE, in varying degrees, was present
at the time of surgery and during postoperative cardiac procedures. Preoperative hypertension and cardiogenic shock were
associated with the occurrence of postoperative TDGE. The
preoperative risk factors included hypertension, cardiogenic
shock, and diabetes. Postoperatively, pneumonia, VAP, renal
replacement therapy, hemotherapy, and cardiac arrhythmia
were associated with the appearance of a certain degree of
TDGE, which was a risk factor for reintubation, pneumonia,
VAP, and renal replacement therapy during the postoperative
period from cardiac surgery and during cardiac procedures.
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