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RESUMO

OBJETIVO: Estudo de coorte retrospectivo realizado com o objetivo de verificar a
presenca de Disfung¢édo Transitoria da Troca Gasosa (DTTG) no pés-operatério de
cirurgia cardiaca e determinar se esse transtorno esta relacionado a eventos
cardiorrespiratérios. METODOS: Foram incluidos 942 pacientes consecutivos
submetidos a cirurgia cardiaca e procedimentos cardiacos, encaminhados para a
UTI, entre junho de 2007 e novembro de 2011. RESULTADOS: A Sindrome do
Desconforto Respiratério Agudo (SDRA) foi observada em 15 pacientes (2%),
apresentaram Disfuncdo Transitéria da Troca Gasosa (DTTG) leve 199 (27.75%)
pacientes, DTTG moderada em 402 (56.1%) pacientes e DTTG grave em 39
(5.4%) pacientes. A presenca de hipertensao arterial e choque cardiogénico foram
associadas ao surgimento de DTTG moderada no periodo pds-operatério (p=0.02
e p=0.019, respectivamente) e foram considerados fatores de risco para esta
disfuncao (p=0.0023 e p=0.0017, respectivamente). A presenca de diabetes
mellitus também foi considerada um fator de risco para DTTG (p=0.03). Houve
correlacdo entre a presenca de pneumonia e a presenca de DTTG moderada em
8.9% dos casos (p = 0.001). A presenca de DTTG grave foi associada a pacientes
que necessitaram de terapia de substituicdo renal (p=0.0005), hemoterapia
(p=0.0001), nutricdo enteral (p=0.0012), ou arritmia cardiaca (0.0451).
CONCLUSOES: A presenca de hipertensdo pré-operatéria e choque cardiogénico
foram associados com a ocorréncia de DTTG pds-operatéria. Os fatores de risco
pré-operatérios foram hipertensdo, choque cardiogénico e diabetes. No péds-
operatério, a pneumonia, pneumonia associada a ventilacdo (PAV), terapia de
substituicdo renal, hemoterapia e arritmia cardiaca foram associados com o
aparecimento de certo grau de DTTG, que foi fator de risco para reintubacéo,
pneumonia, PAV e terapia de substituicdo renal no pds-operatorio de cirurgia
cardiaca e procedimentos cardiacos.

Palavras-Chave: Cirurgia cardiaca, Complicacdes pds-operatérias.
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ABSTRACT

OBJECTIVE: A retrospective cohort study was preformed aiming to verify the
presence of transient dysfunction of gas exchange (TDGE) 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 ICU
between June 2007 and November 2011. RESULTS: Fifteen patients had acute
respiratory distress syndrome (2%), 199 (27.75%) had mild TDGE, 402 (56.1%)
had moderate TDGE, and 39 (5.4%) had severe TDGE. Hypertension and
cardiogenic shock were associated with the emergence of moderate TDGE
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 TDGE (p = 0.03). Pneumonia was present in 8.9% of cases and
correlated with the presence of moderate TDGE (p = 0.001). Severe TDGE was
associated with patients who had had renal replacement therapy (p = 0.0005),
hemotherapy (p = 0.0001), enteral nutrition (p = 0.0012), or cardiac arrhythmia
(0.0451). CONCLUSIONS: 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 some degree of TDGE, which was a risk
factor for reintubation, pneumonia, VAP, and renal replacement therapy in the
postoperative period of cardiac surgery and cardiac procedures.

Key Words: Cardiac surgery, Postoperative complications.
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1. INTRODUCAO

A cirurgia cardiaca tem influéncia direta sobre o sistema respiratério em
pacientes cardiopatas, afetando a morbidade e mortalidade dos pacientes no pés-
operatério. As complicagdes respiratérias apos este procedimento estdo descritas
na literatura desde 1965, Estd bem documentado que a disfungdo do sistema
respiratério pode ocorrer devido a anestesia geral, esternotomia mediana (leva a
instabilidade do térax superior), circulacdo extracorpérea (CEC), tempo de

isquemia miocéardica, manipulagéo cirirgica e nimero de drenos pleurais!'-4

A disfuncao pulmonar apresentada no pés-operatério com a utilizacao da
CEC é derivada do edema intersticial, congestdo pulmonar, reacdo do complexo
heparina com protamina, lesdo endotelial vascular pulmonar e microatelectasias
[21. As alteragbes na mecénica respiratéria - incluindo queda da complacéncia e
aumento da resisténcia do sistema respiratorio - sdo consequéncias da resposta
inflamatoéria ao trauma cirurgico e a auséncia da ventilagdo mecanica durante a
CEC B,

Durante a CEC, ocorre o contato do sangue com superficies nao
endotelizadas levando a coagulagdo sanguinea; que juntamente com a ativacao
das cascatas inflamatdrias contribuem para o aumento do peso do parénquima
pulmonar e colapso adicional de unidades alveolares, prejudicando ainda mais as
trocas gasosas nestes pacientes. Assim, a presenca de hipoxemia no poés-

operatério € secundaria a todas essas alteracbes que prejudicam a relagao
ventilagao/perfuséo 61,

Mesmo com todas estas alteragcbes intra-operatdrias, a maioria dos
pacientes submetidos a cirurgia cardiaca sao extubados nas primeiras 24 horas de
pos-operatério 1. Qutro estudo demonstrou que o desmame da VM no pos-
operatério imediato de cirurgia cardiaca eletiva ndo complicada é finalizado apds
cerca de sete horas da admissao na UTI 1.



Pequena parte dos pacientes ndo sao extubados precocemente, muitas
vezes devido a evolugdo para Sindrome do Desconforto Respiratério Agudo
(SDRA) ou Lesao Pulmonar Aguda (LPA). Esta disfungéo da troca gasosa no pos-
operatorio pode ser transitoria (denominada neste estudo de DTTG - “Disfungao
Transitoria da Troca Gasosa”) ou se manter por dias ou semanas até a resolucao

do quadro, favoravel ou néo.

De acordo com os critérios do Primeiro Consenso de definigdo para SDRA
e LPA (1994), diversos estudos relatam a incidéncia destas disfuncdes apés tal
procedimento [4.  Recentemente, os critérios para diagnéstico de SDRA
sofreram alteracbes. A definicao atual baseia-se no grau de hipoxemia,
representada pela relagdo pressao parcial de oxigénio (PaOz)/fracéo inspirada de
oxigénio (FiOz2), a saber: “SDRA leve” (PaO2/FIO2 entre 200 mmHg e 300 mmHg),
“SDRA moderada” (PaO2/FIO2 entre 100mmHg e 200mmHg ) e grave (PaO2/ FIO2
< 100mmHg). Além disso, quatro fatores foram incluidos para o diagnéstico de
SDRA grave: gravidade radiografica, complacéncia do sistema respiratério e
pressdo positiva ao final da expiracao [®l. Assim, para determinar o grau de DTTG
pds-operatorio, utilizamos em nosso estudo a Ultima definicio de SDRA -
proposta em Berlin.

Portanto, o objetivo primario neste estudo foi verificar a presenca de DTTG
no pds-operatorio de cirurgia cardiaca e se esta se associa aos eventos do
sistema cardiorrespiratério. Como objetivo secundario, verificar a presenca de
fatores de risco para o desenvolvimento de complicacdes cardiorrespiratérias no

pos-operatorio de cirurgia cardiaca e procedimentos cardiacos.
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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 syn-
drome (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 excl Hyperti and cardiogenic shock were as-
sociated with the emergence of moderate transient dysfunction
of gas exchange postoperatively (P=0.02 and P=0.019, respec-
tively) 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 car-
diac arrhythmia (P=0.0451).

"Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brazil.

This study was carried out at Universidade Estadual de Campinas (UNICAMP),
Campinas, SP, Brazil.

No financial support.

Conclusion: Preoperative hypertension and cardiogen-
ic 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 arrhyth-
mia 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.

Descriptors: Thoracic Surgery. Postoperative Complica-
tions. Risk Factors. Intensive Care Units.

Resumeo

Objetivo: Estudo de coorte retrospectivo com objetivo de
verificar a presenca de disfun¢iio transitéria da troca gasosa
no pos-operatério de cirurgia cardiaca e determinar se esse
transtorno esta relacionado a eventos cardiorrespiratorios.

Métodos: Foram incluidos 942 | tivos sub-
metidos a cirurgia cardiaca e procedimentos cardiacos, enca-

inhados para a Unidade de Terapia Intensiva, entre junho de

2007 e novembro de 2011.

<
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Abbreviations, acronyms & symbols

APACHE II Acute Physiology and Chronic Health Evaluation IT
ALL Acute Lung Injury

ARDS Acute Respiratory Distress Syndrome

CH Clinics Hospital

CPB Cardiopulmonary Bypass

FiO, Fraction of inspired oxygen

ICU Intensive Care Unit

PaO, Partial pressure of oxygen

PCWP Pulmonary capillary wedge pressure

PEEP Positive end-expiratory pressure

SD Standard deviation

SIRS Systemic inflammatory response syndrome
TDGE Transient Dysfunction of Gas Exchange
UNICAMP Universidade Estadual de Campinas

VAP Ventilator- Associated Pneumonia

transitéria da troca gasosa moderada no periodo pos-operatério
(P=0,02 e P=0,019, respectivamente) e foram considerados fato-
res de risco para essa disfuncio (P=0,0023 e P=0,0017, respecti-
vamente). A presenca de diabetes mellitus também foi considera-
da um fator de risco para disfungio transitoria da troca gasosa
(P=0,03). Houve correlacio entre a presenca de pneumonia e a
presenca de disfuncio transitoria da troca gasosa moderada em
8,9% dos casos (P=0,001). A presenga de disfungiio transitoria da
troca gasosa grave foi associada a pacientes que necessitaram de
hemodialise (P=0,0005), hemoterapia (P=0,0001), nutri¢io ente-
ral (P=0,0012), ou arritmia cardiaca (P=0,0451).

Conclusdo: Apresenca de hipertensao arterial sistémica pré-
-operatéria e choque cardiogénico foi associada a ocorréncia de
disfuncio transitoria da troca gasosa pos-operatoria. Os fatores
de risco pré-operatérios foram hipertensio arterial sistémica,
ch cardiogénico e diabetes. No pés-operatério, pneumonia,

Resultados: A sindrome do desconforto respiratorio agu-
do foi observada em 15 (2%) pacientes, 199 (27,75%) pacientes
apresentaram disfun¢do transitéria da troca gasosa leve, disfun-
¢Ao transitoria da troca gasosa moderada foi observada em 402
(56,1%) pacientes e disfun¢io transitéria da troca gasosa grave
em 39 (54%). A presenca de hipertensio arterial sistémica e
choque cardiogénico foi associada ao surgimento de disfun¢iio

INTRODUCTION

Cardiac surgery has a direct influence on the respiratory
system in patients with heart disease, affecting the morbidity
and mortality of patients postoperatively. Respiratory com-
plications after cardiac surgery have been described in the
literature since 1965 Respiratory system dysfunction can
occur due to general anesthesia, median sternotomy (which
leads to instability of the upper chest), cardiopulmonary by-
pass (CPB), prolonged myocardial ischemia, manipulation
during surgery, and number of chest tubes!. 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 sur-
gical trauma, leads to changes in respiratory mechanics(®”.

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 contrib-
utes 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 postoper-
ative hypoxemia is secondary to all these changes that impair
the ventilation/perfusion ratio®. Due to the occurrence of tran-
sient dysfunction of gas exchange (called TDGE in this study)
after surgery, the terms acute respiratory distress syndrome

4

pneumonia associada a ventila¢io, hemodialise, hemoterapia e
arritmia cardiaca foram associadas com certo grau de disfun-
¢ao transitoria da troca gasosa, que foi fator de risco para rein-
tubagio, pneumonia, pneumonia associada a ventila¢io e hemo-
dialise no pés-operatério de cirurgia cardiaca.

Descritores: Cirurgia Toracica. Complicac¢oes Pés-Operato-
rias. Fatores de Risco. Unidades de Terapia Intensiva.

(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!*!.

Recently, the criteria for the diagnosis of ARDS have been
changed. The current definition is based on the degree of hy-
poxemia, represented by the partial pressure of oxygen (PaO,)/
fraction of inspired oxygen (FiO,), namely, mild ARDS (PaO,/
FiO, between 200 mmHg and 300 mmHg), moderate ARDS
(PaO,/FiO, between 100 mmHg and 200 mmHg), and severe
ARDS (PaO,/FiO,<100 mmHg). In addition, four factors were
included for the diagnosis of severe ARDS (refractory hypox-
emia, radiographic severity, respiratory system compliance,
and positive end-expiratory pressure)’..

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 de-
termine 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 cardiorespi-
ratory complications in the postoperative period was evaluated.

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).

Population

Consecutive patients undergoing cardiac surgery and car-
diac 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 spe-
cially trained professionals (1998/3432 Ordinance). The data
from patients who had been readmitted and the data from pa-
tients 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 proce-
dures. TDGE represents changes in PaO, /FiO, 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-oper-
ative 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 complica-
tions in the postoperative period.

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!®.

Calculation of the ratio PaO,/FiO,

Tracks of the current classification for defining ARDS
were employed to determine four patient groups with
study TDGE: 1) absence of TDGE (PaO,/FiO>300
mmHg), 2) mild TDGE (PaO,/FiO, between 200 mmHg
and 300 mmHg), 3) moderate TDGE (PaO,/FiO, between
100 mmHg and 200 mmHg), and 4) severe TDGE (PaO,/
Fi0,<100 mmHg). The values of PaO,/FiO, were from the
arterial blood gas analysis on the first postoperative day,
i.e., up to the 48th hour in the ICU.

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 ad-
mitted 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.

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 abso-
lute values and percentages. To verify an association, the chi-
square 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 complica-
tions 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 1II 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 consid-
ered significant for all tests.

RESULTS

Of the initial sample, 717 patients fulfilled the criteria of
the study. Patients who were readmitted or had data miss-
ing 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.
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Table 1. Data of heart procedures. Table 2. The impact of postoperative TDGE.
Procedu.rfes perfonned_ . n % TDGE levels n %
Myocardial revascularization 354 49.4% Absence T7 10.7%
Valve exchange 212 29.5% Mild 199 27.8%
COI_rection of aortic aneurysm 68 9.5% Moderate 402 56.1%
Atrial septalldefect or interventricular Severe 39 5.4%
communication . _ 35 4.9% 717 100%
Coronary artery bypass grafting combined TDGE =Transient Dysfunction of Gas Exchange. Absence of
with valve replacement L TDGE=Pa0Q,/FiO,>300 mmHg; Mild TDGE=PaO/FiO, between
Resection of cardiac tumor 4 e 200 mmHg and 300 mmHg; Moderate TDGE=PaO /FiO, between
Pacemaker implant ‘ 6 0.8% 100 mmHg and 200 mmHg; Severe TDGE=PaQ /Fi0,<100 mmHg
Reconstruction of left ventricle 6 0.8%
Pericardial drainage 4 0.6%
Cardiac transplantation 3 0.4%
Other* 8 1.1%

717 100%

*Percentage of total group in parentheses

Table 3. Association of history and preoperative comorbidities with postoperative TDGE.

Prevalence on TDGE levels Test for Test for Risk Factor
Preoperative data Sample Absent Mild Moderate Severe Association Significance
n % n n n n P-value* P-value** OR 95% CI

Diabetes mellitus 140 19.5% 7 39 83 11 0.057 0.035 1.49  1.032.14
Hypertension 377 52.6% 34 93 224 26 0.022 0.002 156 1.17,2.07
Cardiogenic shock 15 2.1% 0 1 11 3 0.019 0.001 567  1.92,16.75
Cardiac arrhythmia 26 3.6% 2 ok 16 1 0.098 0.738 1.14  0.53;2.45
Congestive heart failure 63 8.8% 7% 19 34 3 0.966 0.645 0.89  0.54;1.46
Cardiopulmonary arrest 17 2.5% 1 5 8 3 0.172 0.297 1.68 0.63:4.46
Pneumopathy 68  9.5% 5 17 40 6 0.442 0.15 1.44  0.88,2.37
Pneumonia 12 1.7% 3 2 7 0 0.373 0.405 0.64  0.22;1.85
Deep vein thrombosis 2 0.3% 0 1 1 0 = - - -

TDGE = transient dysfinction of gas exchange; TDGE absent=PaO /FiO >300mmHg; TDGE mild=P aO /FiO, between 200 mmHg and 300 mmig;
TDGE moderate=P a0 /FiO, between 100 mmHg and 200 mmHg; severe TDGE =P a0 /FiO,<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).

TDGE levels Test for Test for Risk Factor Significance

Age Classes Absent Mild Moderate Severe Association

n % n n n n P-value* P-value** OR 95%CI
<44 124 17.3% 26 42 49 7 0.0001 Reference class (baseline)
45-54 162 22.6% 16 55 86 5 0.0001 0.0001 1.59 1.03;2.48
55-64 229 31.9% 21 52 139 17 0.0001 0,0001 2.62 1.72;3.99
65-74 153 21.4% 8 45 91 9 0.0001 0.0001 2.41 1.53;3.81
Z75 49 6.8% 6 55 37 1 0.0001 0.0001 3.00 1.56:5.78

717 100%
TDGE=transient dysfunction of gas exchange; TDGE absent=PaO /FiO, > 300 mmHg; TDGE mild=PaO /FiO, between 200 mmHg and 300 mmHg;
TDGE moderate=PaO /FiO, between 100 mmHg and 200 mmHg; severe TDGE=PaO /FiO,<100 mmHg; parentheses=percentage of total
group; OR=o0dds 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 asso- et al.l'% The preoperative comorbidities diabetes mellitus
ciation with the appearance of TDGE are described in Table 5. (19.5%) and hypertension (52.6%) were prevalent. A pre-
The occurrence of death within 48 hours and after 48 vious study observed diabetes mellitus in 29.6% of cases(®.

hours are described in Table 6. The he average length of stay Compared with other developed countries, Brazil has a high-
in the ICU and the mortality predicted by APACHE 1I are er incidence of hypertension (90.7% vs. 60%) and diabetes
described in Figure 1 and Figure 2. mellitus (37.2% vs. 29%)°.. Diseases such as hypertension,

Death within the first 48 hours after surgery and death autoimmune diseases, peripheral vascular disorders, and
in the ICU were associated with the APACHE II score metabolic syndrome must be controlled and require great
(P=0.0105 and P<0.0001, respectively). Death within the care in the immediate postoperative period!®,

first 48 hours after surgery and death in the ICU were both as- Other studies report preoperative comorbidities of dys-
sociated with predicted mortality (P=0.0001, and P<0.0114, lipidemia in 48% of cases and a family background of coro-
respectively). nary artery disease in 38% of cases but report hypertension
in 75%M to 79%? of patients. In developed countries, car-

DISCUSSION diovascular diseases are the leading causes of death and are
increasing in occurrence in developing countries!'?. Oliveira

Demographic variables, background, and preopera- et al.""! measured morbidity by measuring the occurrence
tive comorbidities of the postoperative complications described above and the

The majority of the study population was male (61.6%), mortality as the number of deaths. In our study, 0.84% of
with an average age of 56.1 years. This finding is consistent individuals died within 48 hours, and 9.21% died after 48
with reports that the male population has a higher surgical hours of intensive care.
incidence (70.1%) than females in the under-60 population®®. In Brazil, the mortality rate for myocardial revasculariza-
In this study, myocardial revascularization surgery was the tion is 6.2%. Several postoperative management protocols of
most common (49.4%), corroborating the findings of Laizo cardiac surgery have been studied with the purpose of pre-

Table 5. Complications and interventions in the ICU and their associations with TDGE.

Prevalence on TDGE levels Test for Test for Risk Factor

Postoperative data Sample Absent Mild Moderate Severe Association Significance
n % n n n n P-value* P-value** OR 95% CI

Pneumonia 64 8.9% 4 12 37 11 0.0001 0.0005 2.63 1:53:4.53
VAP 4 0.6% 0 0 2 ) 0.0420 0.003 19.51 2.75;138.45
Non-invasive mechanical
ventilation 15 2.1% 0 4 10 1 0.5400 0.247 1.85 0.65;5.28
Reintubation 69 9.6% 4 15 45 5 0.2250 0.042 1.69 1.02:2.78
Tracheostomy 26 3.6% 3 6 15 2 0.8460 0.651 1.19 0.55;2.58
Renal replacement therapy 62 8.6% 6 10 36 10 0.0005 0.002 2.34 1.36:4.03
Hemotherapy 247 34.4% 21 60 139 27 0.0001 0.0005 1.72 1.26;2.33
Cardiac arrhythmia 26 3.6% 2 7 12 5 0.0450 0.153  1.79  0.81;398

ICU=intensive care unit; TDGE=transient dysfunction of gas exchange; TDGE absent=PaQ /FiO,>300 mmHg; TDGE mild=PaQ /FiO,
between 200 mmHg and 300 mmHg;, TDGE moderate=P a0 /FiO, between 100 mmHg and 200 mmHg; severe TDGE=Pa0O /FiO,<100 mmHg;
Parentheses= percentage of fotal 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.

Prevalence on TDGE levels Test for
Postoperative data Sample Absent Mild Moderate Severe Association
n % n n n n P-value*
Death within 48 hours 6 0.8% 0 1 4 1 0.5420
Death after 48 hours 66 9,2% 5 13 40 8 0.0350

TDGE =transient dysfunction of gas exchange; TDGE absent=PaQ /FiO,>300 mmHg; TDGE mild=PaQ/
FiO, between 200 mmHg and 300 mmHg; TDGE moderate=PaQ /FiO, between 100 mmHg and 200 mmHg;

severe TDGE=PaQ /Fi0,<100 mmHg; * P-value=Tukey test for comparison of measures between TDGE
groups

28

Braz J Cardiovasc Surg | Rev Bras Cir Cardiovasc



Rodrigues CDA, et al. - Risk factors for transient dysfunction of gas exchange

Braz J Cardiovasc Surg 2015;30(1):24-32
after cardiac surgery
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Fig. 1- The average length of stay in the Intensive Care Unit.
TDGE=transient dysfinction of gas exchange; TDGE absent=PaQ /FiO,>300 mmHg; TDGE mild=PaO /
FiO, between 200 mmHg and 300 mmHg; TDGE moderate=PaQ /FiO, between 100 mmHg and 200 mmHg;

severe TDGE=PaQ /Fi0,<100 mmHg; * P-value=* ANOVA followed by transformation with posts by
Tutkey s test. TDGE Record significantly proved superior to other levels of TDGE regarding Apache Il score.

Predicted Mortality

259 ¢

17.9 b 18.7 4
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Fig. 2 - Mortality predicted by APACHE II.

TDGE=transient dysfunction of gas exchange; TDGE absent=PaO /FiO >300mmHg; TDGE mild=PaO /
FiO, between 200 mmHg and 300 mmHg; TDGE moderate=PaQ /FiO, between 100mmHg and 200 mmHg;

severe TDGE=PaQ /FiO, <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!™. In the study of Ribeiro et al.l'”], espe-
cially 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!].
APACHE T is an index that classifies critical patients accord-
ing to the severity of their condition!. Our patients had high
APACHE II scores, similar to the study by Feijé et al.*. Ina
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!™. 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 1I score was effec-
tive to determine the severity of the patients in this study. Al-
though mortality was high (10.5%), it was less than expected.

Occurrence of TDGE after surgery and cardiac
procedures

Respiratory failure after heart surgery is an important fac-
tor of postoperative morbidity and mortality!l. In this study,
15 (2%) patients had ARDS, 27.7% mild TDGE, 56.1% mod-
erate TDGE, and 5.4% severe TDGE. In a study by Szeles et
al.t, the PaO,/Fi0, 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: PaO,/
FiO,>200 (45.8%); PaO,/FiO, between 150 and 200 (26.9%)
and PaO,/Fi0,<150 (27.3%). That study reported that tran-
sient hypoxemia was not affected by an increase of mechan-
ical ventilation time and that the inflammatory response to
surgical trauma and CBP caused lung damage, explaining the
transitional hypoxemial®.

ARDS was present in 0.4% to 1.32% of the patients!l.
ARDS was first described by Ashbaugh & Petty, in 1967,
with these common characteristics: tachypnea, hypoxemia,
persistent opacification on chest X-ray, decreased compla-
cency, and high mortality. In 1994, the first consensus for
ARDS was published, which defined four aspects: acute pre-
sentation, presence of hypoxemia (PaO,/FiO,<200 mmHg),
infiltrated bilateral on chest X-ray, and pulmonary capil-
lary wedge pressure (PCWP) less than 18 cmH,O (to rule
out heart failure). Also defined in this consensus, similar to
ARDS, was ALI, defined as being present when the PaO,/
FiO, ratio is between 200 and 300 mmHg!"".

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 manifesta-
tion in one week or less; the term ALI was abandoned; and
the measurement of the PaO /FiO, relationship was amended
to require a minimal amount of positive end-expiratory pres-
sure (PEEP)U. In addition, three categories of ARDS were

proposed: mild, moderate, and severe, based on the PaOZ/
FiO, 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!!”. The last defini-
tion includes the measurement of PEEP, limiting the possibil-
ities 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 PaO,/FiO, ratio, we found that 89.26%
fit this criterion for diagnosis, suggesting a high incidence of
ARDS in this population. However, using only the PaO,/FiO,
ratio is not sufficient to define the presence of ARDS. Oth-
er factors are included in the dysfunctional gas exchange in
the postoperative period of cardiac surgery, such as systemic
inflammatory response syndrome (SIRS) with pulmonary re-
percussion, hyperdynamic frame, interstitial pulmonary ede-
ma, microatelectasis, and reduced surfactant. In most cases,
the pulmonary radiological image is normal, undercommit-
ted lung compliance, and patients recover from this dysfunc-
tion 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 hypox-
ia that occurs in the postoperative period of cardiac surgery
(within 48 hours) be called transient dysfunction of gas ex-
change, as we have in this work.

Association of TDGE with preoperative and postop-
erative factors

In our sample, increasing age was associated with increas-
ing 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.®), age>70 years was sig-
nificantly associated with greater mortality (P<00.002). 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."’l 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 dysfunc-
tion. 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!'®]. 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 oc-
currence 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%)1*. In another
study, 7332 patients undergoing cardiac surgery, infectious
outbreaks were identified in 29 patients, 55% of them pri-
mary infections!'*. However, there is no study reporting the
occurrence of postoperative pulmonary complications”,

Oliveira et al."l indicated the following as predictors of
postoperative infections: body mass index > 40 kg/m?, pre-
operative hemodialysis, cardiogenic shock, preoperative age
> 85 years, preoperative immunosuppressive treatment, dia-
betes 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 contrib-
ute significantly to morbidity and mortality related to cardiac
surgery, as 3.5% to 10% of these morbidities and mortali-
ties are caused by respiratory complicationst®!. In large part,
these complications are explained by the use of CPB, which
causes an increase of inflammatory mediators leading to de-
creased ventricular contractility, which consequently increas-
es 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 pulmo-
nary surfactant, which leads to worsening pressures, lung
collapse, and pulmonary dysfunction, generating losses in
respiratory mechanics and increased respiratory work!!%2,
This situation results in pneumonic complications in respi-
ratory mechanics®’!. Morsch et al.[? used pulmonary radio-
logical 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 hyperther-
mia, and isolation of pathogens in culture or in microscopic
analysis oft*!]

Hypoxemia is among the leading pulmonary complica-
tions in the postoperative period of cardiac surgery; however,
other complications, such as pleural effusion, pneumonia,
pneumothorax, reintubation, and ventilatory insufficiency,

are also observed(®!. We used non-invasive mechanical venti-
lation 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 fac-
tors 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 cat-
egory 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 proce-
dures. 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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4. CONSIDERACOES FINAIS

Devido ao quadro que os pacientes em pds-operatério de cirurgia cardiaca
desenvolvem, os autores deste estudo sentiram-se motivados a pesquisar a
respeito das alteragdes pulmonares presentes nestas situagoes.

Apesar de muitos autores denominarem na literatura as alteragdes
pulmonares do pds operatdrio existentes como SDRA (pela relagdo PaO2/FiO2 <
300), estes pacientes nao desenvolvem imagem radioldgica condizente ao quadro
pulmonar apresentado. Desta maneira, pode-se acreditar que o hiperfluxo
pulmonar (devido ao quadro hiperdinamico pds operatério) contribua em grande

parte para esta queda importante da troca gasosa.

Em nosso servigo, Hospital de Clinicas da Unicamp, algumas medidas para
minimizar a DTTG no pés operatério ja foram implantadas, como:

e realizagcdo do preparo pré-operatério pela equipe multiprofissional,
inclusive o fisioterapeuta;

e administracdo de corticoides no intra-peratdrio para minimizar o processo

inflamatério;

¢ utilizacdo de nitroprussiato de sddio na saida da CEC para redistribuir o

volume (inclusive “priming”), diminuindo a congestao pulmonar;

e 0 protocolo também contempla o uso de Dopamina a partir de saida da
CEC até algumas horas do pos-operatério, para eliminar excesso de

volume, melhorando a troca gasosa pulmonar;

e ventilacdo mecénica nao invasiva profilatica imediatamente ap6s a

extubacdo, entre outras condutas.

Os autores colocam como limitacdo deste estudo a coleta retrospectiva,
mesmo que o banco de dados foi alimentado prospectivamente e “online” (por
enfermeira treinada para este fim), considerando assim os mesmos fidedignos.
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