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RESUMO



Objetivo: Comparar os indices de trocas gasosas no pds-operatério de pacientes
submetidos a revascularizacdo do miocardio (RM) que receberam ou nio pressao positiva

continua nas vias aéreas (CPAP) durante a circulacao extracorpérea (CEC).

Método: Trinta pacientes adultos submetidos a RM com CEC no periodo de marco a
setembro de 2005 foram alocados aleatoriamente em dois grupos: CPAP (n=15), pacientes
que utilizaram CPAP a 10 cmH,O durante a CEC, e controle (n=15), pacientes que nao
utilizaram CPAP. Foram analisados a PaO,/FiO; e o P(A-a)O, em quatro momentos: Pré
(logo antes da CEC, com FiO; = 1,0); P6s (30min p6s-CEC, com FiO, = 1,0); PO imediato
(12h apés a cirurgia, com FiO, = 0,4 utilizando mdscara facial) e 1° PO (24 horas apds a

cirurgia, com FiO, = 0,5 utilizando méscara facial).

Resultados: A PaO,/FiO; e o P(A-a)O, mostraram uma piora significativa no decorrer do
tempo dentro de cada grupo, porém sem diferencas significativas entre 0s grupos em
nenhum momento. Quando a PaO,/FiO, foi subdividida em trés categorias, foi observada
uma maior prevaléncia de pacientes do grupo CPAP com valores acima de 200mmHg

(p=0,02) apenas no momento P6s (30min p6s-CEC).

Conclusao: O uso de CPAP de 10cmH,0 durante a CEC, muito embora tenha resultado em
melhores valores na PaO,/FiO, 30 minutos pds-CEC, ndo resultou em beneficios
duradouros nas trocas gasosas durante o PO. Concluiu-se que, em pacientes submetidos a
RM, a aplicacdo de CPAP 10cmH,O ndo melhora significativamente as trocas gasosas

pulmonares no pds-operatorio.

Palavras-chave: Pressdo Positiva Continua nas Vias Aéreas; Circulacdo Extracorpodrea;

Trocas Gasosas Pulmonares; Cirurgia Cardiaca.
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ABSTRACT




Objective: To compare postoperative (PO) pulmonary gas exchange indexes in patients
submitted to myocardial revascularization (MR) with or without the application of

continuous positive airway pressure (CPAP) during cardiopulmonary bypass (CPB).

Methods: Thirty adult patients submitted to MR with CPB between March and September
2005 were randomly allocated to two groups: CPAP (n=15), patients that received CPAP at
10 cmH,0 during CPB, and control (n=15), patients that didn’t receive CPAP. PaO,/FiO,
and P(A-a)O, were analyzed at four moments: Pre (just before CPB, with FiO, = 1.0 ); Post
(30min post-CPB, with FiO, = 1.0); immediate PO period (12h post-surgery,
with FiO, = 0.4 by a facial mask) and first PO day (24h post-surgery, with FiO, = 0.5 by a

facial mask).

Results: PaO,/FiO, and P(A-a)O, tend to get significantly worst as time elapsed during the
postoperative period in both groups, but no differences were observed between them at any
moment. When PaO,/FiO, was subdivided into three categories, a greater prevalence of
patients with values greater than 200 mmHg were observed in CPAP group only at moment

Post (30min post-CPB; p = 0.02).

Conclusion: CPAP at 10 cmH,O administered during CPB, although had lightly improved
PaO,/FiO, at 30 minutes post-CPB, had no significant sustained effect on postoperative
pulmonary gas exchange. It was concluded that in patients submitted to MR, application of

10 cmH,0 CPAP does not improve postoperative pulmonary gas exchange.

Key-words: Continuous Positive Airway Pressure; Cardiopulmonary Bypass; Pulmonary

Gas Exchange; Cardiac Surgery.
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Desde o inicio das cirurgias cardiacas na década de 1950, o nimero de
procedimentos tem crescido exponencialmente. Houve, nessa mesma época, as primeiras
descri¢cdes das complicagdes pulmonares associadas ao periodo pos-operatério (PO) e suas

conseqiientes relacdes com o aumento da morbi-mortalidade (Scharamel et al., 1963).

A disfuncdo pulmonar € muito comum, apds as cirurgias realizadas com o
emprego da circulagdo extracorpdrea (CEC), apresentando-se com uma ampla variedades
de manifestacdes, desde uma leve dispnéia pos-operatoria até a sindrome da angustia
respiratoria aguda (SARA). Esta ultima, incide em cerca de 2% dos casos e aumenta
significativamente a mortalidade dos pacientes, situando-se na faixa de 50% (Clark, 2006).
Cerca de 20% dos pacientes que desenvolvem disfun¢do pulmonar no periodo PO
necessitam do uso de ventilagdo mecanica (VM) por tempo maior que 48 horas

(Hammermeister, et al., 1990)

O desenvolvimento da disfungdo pulmonar no periodo PO tem origem
multifatorial, tais como a incisdo cirtrgica (esternotomia mediana), dissec¢do de artérias
mamarias internas, uso da hipotermia corpdrea para prote¢ao do miocardico, anestesia geral

e o uso da CEC (Asimakopoulos et al., 1999).

A causa da insuficiéncia pulmonar apds as operagdes envolvendo o emprego da
CEC € multifatorial, destacando-se entre eles o uso da CEC, assiciada ao comprometimento

da funcdo pulmonar nas primeiras fases do PO (Clark, 2006).

Em pacientes operados sem o uso da CEC, a cascata inflamatdria € certamente
atenuada em comparacdo com aqueles pacientes que utilizaram a CEC. Entretanto, ambos
os grupos parecem ter niveis semelhantes de deterioracao respiratéria e nenhuma diferenca
pode ser encontrada no gradiente alvéolo-arterial de oxigénio [P(A-a)O] ou na fracio de
shunt intrapulmonar na prética clinica, quando sdo comparados os pacientes com operagoes
semelhantes com ou sem o uso da CEC (Cox et al., 2000). Também, ndo parece haver
nenhuma diferenga no tempo de uso da VM (Matata e Galinanes, 2000; Taggart, 2000; Cox
et al., 2000).

A toracotomia, com ou sem a abertura das pleuras, interfere na dindmica da
caixa torécica e pode reduzir acentuadamente os volumes pulmonares. A CEC, em virtude

da sua complexidade, da multiplicidade de componentes mecanicos e de suas interacdes
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com o sangue, é capaz de produzir uma grande variedade de alteragdes no organismo

humano (Souza e Elias, 2006).

Uma disfunc@o pulmonar no periodo poés-operatério (DPPO) de cirurgia
cardiaca € descrita na literatura, sendo sua ocorréncia esperada até o quinto ou sexto dia de
PO. As manifestagdes clinicas da DPPO incluem a hipoxemia com alteracdes no [P(A-
a)O,], aumento do trabalho respiratorio, redugdo da expansibilidade torécica, tosse ineficaz
e presenca de dreas de atelectasias visualizadas em radiografia de térax (Wynne e Botti,

2004).

O ponto em que a DPPO desencadeia as complicagdes pulmonares no periodo
PO ¢ precariamente definido na literatura, muito embora reconhecendo a importante relacao

com o aumento da mortalidade (Rock e Rick, 2003).

Ap6s a indugdo anestésica, realizacdo da incisdo cirdrgica, hipotermia do
miocdrdio e dissec¢do da artéria mamadria interna, a CEC € iniciada, As conseqii€éncias do
uso da CEC no periodo PO estdo relacionadas a lesdo pulmonar aguda conhecida como

sindrome do pulmao pds-perfusdo (Conti, 2001).

As complicagdes mais graves e mais freqiientes observadas nos primérdios da
CEC eram as hemorragias e as complicagdes pulmonares. O progresso e a sofisticagdo dos
aparelhos e das técnicas de perfusdo determinaram uma significativa redu¢do de ambas.
Entretanto, as complicacdes pulmonares ainda surgem apdés um periodo de CEC e,
ocasionalmente, podem se tornar o evento de maior importancia no quadro PO. Algumas
vezes, essas complicagdes evoluem com extrema rapidez e resistem a todas as medidas

terapéuticas instituidas, culminando com o ébito dos pacientes (Souza e Elias, 2006).

As alteracOes da dindmica da caixa tordcica e a diminui¢do na producdo do
surfactante reduzem a complacéncia pulmonar e contribuem para comprometer a eficiéncia

das trocas gasosas (Andersen e Guia, 1970).

A necessidade de interrup¢do da ventilagdo pulmonar e exposi¢do das vias
aéreas ao ar atmosférico durante a CEC causam o fechamento das unidades alveolares

distais, e conseqiiente formacgdo de atelectasias. A auséncia de ventilagdo alveolar resulta na
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redu¢do da producdo do surfactante e reducdo da complacéncia pulmonar, o que
potencializa a formacdo de atelectasias. Ainda, durante a CEC, ocorre a interrupcdo da
circulacdo pulmonar, exposi¢do do sangue as condi¢cdes de hipotermia e a solugdo
cardioplégica, fatores que estdo associados com a liberacdo de mediadores inflamatérios
sistétmicos e pulmonares (Weiland, 1986). O desenvolvimento de reacdo inflamatdria
pulmonar acarreta aumento da permeabilidade capilar, formacdo de edema intersticial,
lesdo endotelial, alteracdo na cascata de coagulagdo com formacdo de microtrombos e

conseqiiente aumento do shunt e anormalidades na troca gasosa (Royston et al., 1985;

Utley, 1992; Reeve et al., 1994; Martin et al., 1996).

O avanco tecnoldgico dos equipamentos de CEC, o aprimoramento das técnicas
cirirgicas e a diminui¢do do tempo de anestesia determinaram uma redugdo significante da
disfuncdo pulmonar apdés a CEC, porém ainda € observada uma grande incidéncia de
complicagdes pulmonares no periodo PO. Alguns autores referem que mesmo em
procedimentos cirdrgicos que foram realizados sem o uso da CEC houve o

desenvolvimento de complica¢gdes pulmonares, com alteracdes importantes na troca gasosa

(Cox et al., 2000; Souza e Elias, 2006).

O desenvolvimento de lesdo pulmonar severa pds-CEC parece estar em torno
de 2%, constituindo, entretanto, num importante fator para o aumento da morbidade e

mortalidade (Asimakopoulos et al., 1999).

O processo inflamatério desencadeado no periodo PO € ocasionado pela
sindrome pds-perfusdo ou resposta inflamatéria sistémica (Wan et al., 1997;
Asimakopoulos et al., 1999;). Uma das possibilidades que pode justificar a lesdo pulmonar

pOs-CEC seria a interrupg¢do da ventilagdo durante o procedimento (John e Irvine, 2008).

Além do papel da resposta inflamatéria na lesdo pulmonar, existem indicagdes
diretas de que a isquemia pode contribuir para essa ocorréncia. Durante a CEC, o fluxo
sangiiineo pulmonar limita-se ao fluxo das artérias bronquicas e alguns estudos indicam que

este € significativamente reduzido durante a CEC (Schlensak, 2002).

A continuagdo da VM durante a CEC é uma medida simples e que se admite
seja eficaz na prevencdo da lesd@o pulmonar causada pela isquemia do pulmao. A prevencdo

de microatelectasias parece mostrar efeitos vantajosos, mas a maioria dos estudos tem
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concluido que os beneficios sdo inconsistentes e sem melhora na resisténcia vascular
pulmonar, na permeabilidade e na oxigenacdo endotelial.. A adicdo da perfusdo da artéria

pulmonar pode, contudo ter efeitos vantajosos (Clark, 2006).

Alguns autores tém proposto na literatura um beneficio potencial nas trocas
gasosas e prevencgao de lesdo pulmonar naqueles pacientes que recebem ventilagdo continua

durante a CEC (Magnusson et al., 1998; Loeckinger et al., 2000).

Virias técnicas sdo propostas, mas ndo existe um consenso em relacdo a

superioridade de uma delas (Vohra et al., 2005).

Dessa forma, considerando-se a controvérsia ainda existente sobre o assunto na
literatura, o presente trabalho teve por objetivo analisar comparativamente os indices de
trocas gasosas em pacientes submetidos a cirurgia de revascularizacio miocérdica, que

receberam ou nao CPAP durante a CEC.
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Resumo

Objetive; Comparar os indices de trocas gasosas no pos-
operatorio de pacientes submetidos a revascularizacio do
miocardio (RM) que receberam ou nio pressio positiva
continua nas vias aéreas (CPAP) durante a circulagio
extracorporea (CEC).

Meétodos: Trinta pacientes adultos submetidos a RM com
CEC no periodo de margo a setembro de 2005 foram alocados
aleatoriamente em dois grupos: CPAP (n=15), pacientes que
utilizaram CPAP a 10 emH,0 durante a CEC, e controle
(n=15), pacientes que nao utilizaram CPAP. Foram
analisados a PaO:.-"FiO: eo P[A—a]O: em gquatro momentos:
Pré (logo antes da CEC, com FiO, = 1,0); Pds (30min pos-
CEC, com FiO, = 1,0); PO imediato (12h apos a cirurgia,
com FiO, = 0,4, utilizando mascara facial) e 1° PO (24 horas
apos a cirurgia, com FiO, = 0.5, utilizando mascara facial).

Resultados: A PaO,/FiO, e o P(A-a)0, mostraram piora
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significativa no decorrer do tempo dentro de cada grupo,
porém sem diferengas significativas entre os grupos em
nenhum momento. Quando a PaO,/FiO, foi subdividida em
trés eategorias, foi observada maior prevaléncia de pacientes
do grupo CPAP com valores entre 200 mmHg e 300 mmHg
(p=0,02) apenas no momento Pos (30min pos-CEC).

Conclusdo: O uso de CPAP de 10 cmH,O durante a CEC,
muito embora tenha resultado em melhores valores na PaQ,/
FiOz 30 minutos pos-CEC, nio resultou em beneficios
duradouros nas trocas gasosas durante o PO. Nos concluimos
que, em pacientes submetidos a RM, a aplicacao de CPAP 10
cmH,O nao melhora significativamente as trocas gasosas
pulmonares no pés-operatorio.

Descritores: Pressiio positiva continua nas vias aéreas.
Circulacio extracorpérea. Troca gasosa pulmonar.
Procedimentos cirirgicos cardiacos.

Artigo recebido em 25 de outubro de 2007
Artigo aprovado em 20 de margo de 2008
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Abstract

Objective: To compare postoperative (PO) pulmonary gas
exchange indexes in patients submitted to myocardial
revascularization (MR) with or without the application of
continuous pesitive airway pressure (CPAP) during
cardiopulmonary bypass (CPB).

Merhods: Thirty adult patients submitted to MR with CPB
between March and September 2005 were randomly allocated
to two groups: CPAP (n=15), patients that received CPAP at 10
emH,O during CPB, and control (n=15), patients that didn’t
receive CPAP, PaO:«"FiO: and P(A-a)O, were analyzed at four
moments: Pre (just before CPB, with Fi0,=1.0 ); Post (30min
post-CPB, with Fi0,=1.0); immediate PO period (12h post-
surgery, with Fi0,=0.4 by using a Venturi® facial mask) and
first PO day (24h post-surgery, with Fi0,=0.5 by a facial mask).

Resulrs: PaO,/FiO, and P(A-a)O, tend to get significantly

INTRODUCTION

Pulmonary  complications  associated to
cardiopulmonary bypass (CPB) increase morbidity and
mortality in patients submitted to cardiac surgeries [1]. The
incidence of pulmonary complications varied largely and
has been reported in 2% to 64% 1n patients submutted to
open heart surgery with CPB, being characterized by an
increase in the alveolar-arterial oxygen gradient [P(A-a)O,].
atelectasis and increased alveolo-capilar membrane
permeability [2].

The surgical opening of pleural cavity. with consequent
loss of negative intra-pleural pressure, allied to the fact
that the lungs remain directly in contact with the room air
through the opened endotracheal tube are predisposing
factors to atelectasis, increased intrapulmonary shunt.
pulmonary congestion and alveolo-capilar membrane injury
during open heart surgery with CPB. Pulmonary function
and gas exchange are usually impaired in 20% to 90% of
patients submitted to cardiac surgery with CPB. Pulmonary
injury induced by CPB remains as an important cause of
postoperative morbidity in these patients [3].

Many therapeutic strategies have been investigated in
aim to minimize or prevent the incidence of these
complications, including the vital capacity maneuver [4]
and the application of continuous positive airway pressure
(CPAP) during CPB[5].

CPAP maneuver is characterized by the application of a
constant and continuous positive pressure into the
patient’s airway. In this manner, the flow generated by the
mechanical ventilator keeps airways pressurized and
opened, avoiding them to collapse [6].

Berry et al. [2] have reported that CPAP at 5 cmH,0
during CPB didn’t improve pulmonary function (evaluated
by alveolar-arterial oxygen gradient) and the extubation
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worst as time elapsed during the postoperative period in
both groups, but no differences were observed between them
at any moment. When PaO,/FiO, was subdivided into three
categories, a greater prevalence of patients with values
between 200 mmHg and 300mmHg were observed in CPAP
group only at moment Post (30min post-CPB; p = 0.02).
Conclusion: CPAP at 10cmH20O administered during
CPB, although had lightly improved PaO,/FiO, at 30 minutes
post-CPB, had no significant sustained effect on
postoperative pulmonary gas exchange. We concluded that
in patients submitted to MR, application of 10 emH,O CPAP
does not improve postoperative pulmonary gas exchange.

Descriptors: Continuous positive airway pressure.
Extracorporeal circulation. Pulmonary gas exchange.
Cardiac surgical procedures.

time in their patients. Gilbert et al. [7] reported that the
application of low CPAP levels during CPB has not
statistically changed pulmonary mechanical properties or
gas exchange in nine treated patients.

Magnusson et al. [8], in an experimental trial comparing
pigs that have received or not CPAP at 5 emH, O during
CPB, reported that the application of CPAP didn’t prevent
atelectasis or increasing in pulmonary shunt in these animals
when compared to control ones.

According to Loeckinger et al. [5]. a negative fluid
balance and the application of CPAP have been used to
decrease the adverse effects of CPB on pulmonary function.
The authors have applied CPAP at 10 cmH, O during CPB in
seven patients, verifying that those who received CPAP at
10 cmH, O have shown improving in ventilation/perfusion
mismatch, with lesser pulmonary shunt values and better
gas exchange indexes measured four hours after CPB when
compared to patients whose airways remained open to
atmosphere.

In this way. considering the controversy swrrounding
this matter in medical literature. the main objective of the
present trial was to evaluate the effects of CPAPat 10 cmH,O
applied during CPB on postoperative pulmonary gas
exchange in adult patients scheduled to elective myocardial
revascularization surgery.

METHODS

The study was approved by the Research Ethics
Conumittee of the Faculty of Medical Science from Campinas
State University (Unicamp) (protocol N° 292/2005) and a
written informed consent was obtained from every patient
before inclusion.

The research was performed at the Irmandade de Santa
Casa de Misericordia from Araras (ISCMA), including
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surgical theater and intensive care unit settings, between
March and September 2005,

The studied population was composed by 30 adult
patients, both sexes. submitted to elective myocardial
revascularization (MR) surgery with CPB. This number of
patients was initially selected based on data previously
published [2,5.8]. During the trial period, all patients were
managed by the same anesthetic and surgical teams, and
no interference or modifications were done by the
researchers in the pre-established anesthetic, surgical and
clinical treatment guidelines.

Inclusion criteria were as following: age> 18 years: both
sexes; elective surgical procedure; surgery with CPB and
patient’s voluntary agreement to participate in the research
by sign an informed consent term. Exclusion criteria were:
age < 18 years: patients with valvulopathies associated to
the ischemic heart disease: patients with left ventricle
aneurysm: infective endocarditis: non-elective surgery and
patient’s refusal to sign the informed consent term.

The patients were randomly allocated in the day
previous to surgery to two groups: CPAP group (n = 15).
with CPAP at 10 cm H,O applied during CPB. and conrrol
group (n=15). without CPAP during CPB.

Demographic data such as gender. age and body mass
index (BMI), and the presence of actual tobacco use were
recorded preoperatively. The type of surgery was also
recorded. CPB time. mechanical ventilation time and arterial
blood gases for oxygenation indexes calculations were
extracted from anesthesia sheet. CPB sheet and patients
ICU medical records, as appropriated.

In both groups, arterial blood samples for gas analyses
(Pa0,, PaCO,, Sa0.) and to pulmonary gas exchange indexes
[PaO;/FiO2 e P(A—é)Oz] calculations were collected at four
different moments: Pre-CPB (just before CPB, with FiO, = 1.0):
Post-CPB (30 minutes post-CPB, with FiQ, = 1.0); immediate
PO (12 hours after surgery. with Fi0,= 0.4 byusing a Ventui®
facial mask): and at the first PO day (24 hours after surgery.
with Fi0,=0.5 by using a Venturi® facial mask).

Statistical analysis

Statistically. data were examined by using Qui-square
or Fisher’s exact test to compare categorical variables
between groups. Mann-Whitney U test was used to
compare nmuunerical variables between groups at different
observation moments. Analysis of variance for repeated
measures (ANOVA) was used to compare pulmonary gas
exchange variables between groups and between
observation times. Comparisons between groups were done
by using Tukey’s post-hoc test. and comparisons between
observation times were done by profile test. The variables
without normal distribution were logarithmic (log,,)
transformed for statistical analysis. P-values < 0.05 were
considered significant.

The study protocol diagram 1s shown i Figure 1.

| ELIGIELE PATIENTS I

|

I Inclusion/exclusion criteria |

|

Pre-CFB- 1" data callection
Fi0z=1.0
[PaCrz, PaCOy, Sa0a, PaOaFiC,, P(4-a)

2]
CPAP
GROUP

CEB with
CPAP at 10emH:0

CONTROL
GROUFP

30minPost-CPB — 2™ data collection
FIO:= 1.0
[ibid]

12h-PO - 3™ data collection
FiOy=04
[ibid]

24h-PO— 4™ data collection
Fi0y=05
[ibid]

Fig. I - Studv protocol diagram. - CPB = cardiopulmonary bypass;
CPAP = continuous positive airway pressure; FiQ, = inspired
oxygen fraction; PaCO, = arterial carbon diox ide partial pressure;
Pa0, = arterial oxygen partial pressure; PO = postoperative;
Sa0,= arterial oxygen saturation

RESULTS

Patient’s demographic characteristics. CPB duration
tume and basal arterial blood gas values (Pré-CPB) are shown
in Table 1. No significant differences were found between
groups.

Post-operative mechanical ventilation times were 9.1 +
2.1 hours in CPAP group and 9.5 = 1.1 hours in control
group (p=NS).

Statistically significant difterences in PaO,/FiO, and P(A-
a)O, were found by comparing their values at four different
moments inside each group. However. no significant
differences were found by comparing the two groups at
any time (Tables 2 and 3 and Figures 2 and 3).
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Table 1. Basal data (Pre-CPB) of both groups (data, when

pertinent, are expressed as mean + standard deviation).
Variable CPAP Group  Control group P

N=15 N=15 value
Gender (M/F) 9/6 12/3 NS
Age (years) 61.5+10.8 60.5+9.3 NS
BMI (kg/m?) 26.8=4.0 24.8+3.1 NS
Tabagism (Yes/No) 4/11 6/9 NS
CPB time (min) 522135 56.9=20.8 NS
Pa0, (mmHg) 340.5 = 68.7 3345+120.3 NS
PaCO, (mmHg) 41.0=9.8 46378 NS
$a0, (%) 99.9 0.3 100.0+0.0 NS
Pa0,/Fi0, (mmHg) 340.5 £ 68.7 334.5+120.3 NS
P (A-a)O, (mmHg) 273.6=1169 2742=678 NS

BMI = Body mass index; CPAP = continuous positive airway
pressure; CPB = cardiopulmonary bypass; F = female; M =male;
Pa02 = arterial oxygen partial pressure; PaCO, = arterial carbon
dioxide partial pressure; PaO/FiO, = oxygenation index; P(A4-
a)0, = alveolar-arterial oxygen gradient; SaO, = arterial oxygen
saturation

Table 2. PaO,/Fi0, (mmHg) at different observation moments
in CPAP and control groups.

Group PaO,/F10, Mean(SD) Min Median Max
Pre-CPB 341(69) 213 351 441
Post-CPB 256 (83) 165 230 418
CPAP 12h - PO 256 (51) 182 242 380
N=15 24h - PO 210 (46) 164 192 202
Pre-CPB 334 (120) 138 363 523
Control  Post-CPB 223 (144) 71 172 509
N=15 12h - PO 235 (67) 142 225 352
24h — PO 199 (54) 124 192 344

Observation: comparison of PaO/FiQ, (oxygenation index)
berween groups (pG-value) pG=0.183; berween times (pT-
value) pT

Table 3. P(A-a)0, (mmHg) at different observation moments in
CPAP and control groups.

Group P(A-a)0, Mean (SD) Min Median Max
Pre-CPB 274 (68) 176 269 412
Post-CPB 352(79) 195 381 440
CPAP 12h — PO 126 (35) 77 125 233
N=15 24h - PO 187 (20) 144 103 211
Pre-CPB 274 (1167) 92 258 464
Control ~ Post-CPB 379 (140) 101 434 524
N=15 12h — PO 124 (28) 84 118 178
24h - PO 189 (29) 112 187 237

Observation: comparison of P(4-a)O, (alveolar-arterial
gradient) between groups (pG-value) pG=0.827; between times
(pT-value) pT
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Post-CPB 1ZhPO 24hPO

Fig. 2- PaO/FiO, (mmHg) at different observarion times. - PaO/
FiO, (mmHg) at different observation times. Statistically significant
differences were found between nimes for both groups. * pT <
0.001 (Pre-CPB ' 30minPost-CPB; Pré-CPB “* 12h-PO; Pré-

CPB ' 24h-PO; 12h-PO ' 24h-PO)
—=— Cantrol
—a— CPAP
600
5004
=
T 400
E
E
< 3004
=]
(1]
< 2004 %
™ I
1004 4
0
Pre-CPB PostCPB 12hPO 24hP0

Fig. 3—P{4-a)O, (mmHg) at different observation times. - P(4-
a)O, (mmHg) at different observation times. Statistically
significant differences were found benveen times for both groups.
*pT < 0.001 (Pre-CPB ‘“ 30minPost-CPB; Pre-CPB ““ 12h-
PO; Pre-CPB *** 24h-PO; 30minPost-CPB ** 24h-PO and 12h-
PO " 24h-PO)

When PaO,/FiO, were subdivided into three categorical
values. a greater prevalence of patients with PaO,/FiO,
between 200 mmHg and 300 mmHg was found in CPAP
group at post-CPB moment (30 min post-CPB; p = 0.02)
(Table 4 and Figure 4).
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Table 4. Distribution of patients (%) according to categorical values of PaO,/FiO, (mmHg) at different observation
moments in CPAP and control groups.

Pa0,/FiO, CPAP (n=15) Control group (n=15)

Moment Pre-CPB  Post-CPB 12hPO  24hPO Pre-CPB  Post-CPB  12hPO  24hPO
<200 0 26.7 6.7 53.3 13.3 73.3 333 53.3
200 to 300 26.7 53.3% 73.3 46.7 26.7 0* 53.3 40.0
=300 73.3 20.0 20.0 0.0 0.0 26.7 13.3 6.7

*Fisher s exact test (p-value = 0.02). CPAP = continuous pasitive airway piessure; CPB = cardiopulmenary bypass;
PaO/FiO, = oxygenation mdex; Pre = pre-CPB; Post = 30 min post-CPB; 12hPO = 12h postoperative; 24hPO =

24h postoperative

100
p=002
80
.
o 2 a =
= 60 PaO2FI02 3 300
= B pati2Fi02 de 200 8 203
£ 40 O paoaiFioz < 200
5
2 45
5 20 L
0

CFAP ool CPAF Costiol  CPAP  Destod CRAP  Costrcl

Pre-CPB Post-CPB 12r-PO 24h-FO

Observation moments

Fig. 4 - PaO/FiQ, (mmHg) ar different observarion times in both
groups. - Statistically significant difference was found in the
percentage of patients that has shown PaO /FiO, between 200 e
300 at Post-CPB in the CPAP group in relation to control group. (*
p=0.02). CPB = cardiopulmonary bypass; Pre = pre-CPB; Post-
CPB = 30min post-CPB; 12hPO = 12 postoperative; 24h-PO =
24h postoperative

DISCUSSION

CPAP group and control group were homogeneous in
relation to demographic characteristics, CPB time and
pulmonary gas exchange indexes at baseline (Pré-CPB)
(Table 1). thus allowing a safe comparison of data obtained
at different moments of the study protocol.

Pulmonary dysfunction induced by open heart surgery
and CPB are quite common in the post-operative period at
the ICU, and are characterized by increased intrapulmonary
shunt, atelectasis, increased alveolar-arterial oxygen
gradient, increased extra-vascular lung water and decreased
pulmonary compliance [5]. The main causes of post-bypass
pulmonary dysfunction are the reduced or absent blood
flow through the lungs during CPB and the surgical opening
of pleural cavity [4].

Weiss et al. [9] reported a decrease in PaO,/FiO, during
the first 12 hours post-CPB in patients submitted to
coronary artery bypass grafting (CABG). In their study.
PaOTi0O, was calculated just after anesthetic induction
and was compared to the values obtained at one hour, six

hours and 12 howrs after CPB ending in 460 patients. The
observed values of PaO,/FiO, were: 224 + 109 mmHg: 284 +
104 mmHg: and 235 + 90 mmHg (pre-CPB: one hour: six
hours: and 12 hours post-CPB: respectively). The authors
have concluded that, despite improvements in CPB
techniques, the presence of hypoxemia remains still common
in post-operative cardiac surgery patients.

According to Barbosa and Carmona [10]. the worsening
of PaO /Fi0, in the postoperative period of CABG surgery
is mamly due to the reduced pulmonary functional residual
capacity secondary to the presence of microatelectasis.
alterations in the pulmonary elastic properties and changes
in the flow-resistive characteristics of the respiratory
system, including its two components: lung and thoracic
wall. These alterations lead to nusdistribution of mspired
gases, adversely affecting pulmonary gas exchange, with
consequent hypoxemia. Additionally, CPB induces systemic
inflammatory response syndrome (SIRS) and acute
pulmonary lung injury. thus contributing to Pa0O,/FiO,
decrease.

In regard to the reliability of these traditional variables
often used to evaluate patient’s oxygenation, Terzi and
Dragosavac [11] consider that PaO,/FiO,and P(A-a)O, are
straightly comparable when applied fo post-operative
patients submitted to open heart surgery with CPB. Indeed,
in the present trial, PaO,/Fi0, has shown values inside the
normal range at pre-CPB moment, and a subsequent
decrease at the following observation moments (p < 0.001)
(Table 2).

In our trial, PaO /F10, has shown a tendency to be better
in CPAP group compared to control only just after (30
minutes) CPB (256 + 83 mmHg vs. 223 + 144 mmHg), but this
improvement was not statistically significant (p = 0.39)
(Figure 3).

The alveolar-arterial oxygen gradient [P(A-a)0O,] in
patients with pulmonary gas exchange derangements will
be increased at any range of F.O,, with greater values than
those found m normal subjects. As reported by Terzi and
Dragosavac [11]. the calculated P(A-a)O, in post-operative
period of patients submitted to cardiac surgery with CPB
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has shown values varying from 119 mmHg with Fi0,= 0.4
to 338 mmHg with Fi0,=1.0.

Yamagishi et al. [12] reported, in 50 patients submitted
to CABG. P(A-a)0, varying from 22 mmFHg to 118 mmHg
three hours after surgery, and a mean value of 121 mm Hg at
the first post-operative day. Similar results were found in
our trial. where P(A-a)O, has shown increased values in
both groups at all moments (Table 3).

Some protective therapeutic strategies has been
proposed in the literature in aim to attenuate the pulmonary
dysfunction frequently seen after cardiac surgery with CPB.
including repeated vital capacity maneuvers [4], and the
use of CPAP during CPB [5].

In the repeated vital capacity maneuver, the lungs are
manual hyper-inflated with a pressure around 40 cmI,0
that are sustained for 15 seconds, just before CPB ending.
This maneuver is indicated in specific cases where
mechanical ventilation with high FiO, is required [13]. Inan
experimental trial using pigs, Maginusson et al. [4] reported
that atelectasis formation and intrapulimonary shunt could
be avoided by applying the repeated vital capacity maneuver
before CPB ending.

Magnusson et al. [8], in an experimental trial evaluating
the effects of CPAP during CPB in order to avoid airway
collapse. have applied CPAP at 5 cmH,O in six pigs
submitted to median sternotomy and CPB for 90 minutes.
Ventilation-perfusion distribution was evaluated by the inert
gas elimination technique, and computerized tomographic
images were used to detect the presence of atelectatic lung
areas. The authors have not observed statistically
significant differences in the incidence of atelectasis or
intrapulmonary shunt reduction and hypoxemia in the
studied sample, thus concluding that in this swine model
the formation of atelectasis is not effectively prevented by
applying CPAP at 5 cmH, O during CPB.

Clinically, some investigators have been evaluated the
effects of CPAP applied during CPB on pulmonary gas
exchange, and trying to correlate these early beneficial
effects with respiratory function later on. but with
conflicting results.

In this way. Berry et al. [2] have applied CPAPat 5 cmEL,O
during CPB in patients submitted to open heart surgery and
compared them to those whose airways remained open to
the atmosphere. They have observed that P(A-a)O, was
statistically lesser in CPAP group at 30 minutes post-CPB
ending. but this beneficial effect has not been sustained
four and eight hours after surgery. The authors concluded
that no advantage is offered by the use of CPAP during CPB
as a maneuver to improve postoperative pulmonary function.

Gilbert et. al. [7]. in a similar trial. have applied low level
of CPAP during CPB in nine patients submitted to cardiac
surgery. They evaluated lung mechanical properties by
measuring compliance and airway resistance, and the gas
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exchange function by calculating P(A-a)0,. The authors
reported that those patients who were protectively
ventilated by applying CPAP at low levels have not shown
significant changes in postoperative pulmonary mechanical
properties or in P(A-a)O,.

Otherwise, Zabeeda et al. [14] have compared the effects
of high-frequency ventilation. volume controlled ventilation
and CPAP at 5 emH,O during CPB in the postoperative
pulmonary gas exchange in patients submitted to open heart
surgery, showing that P(A-a)O, was lesser and PaO, was
higher in patients receiving CPAP when compared to those
managed with the other two modes of mechanical
ventilation strategies.

Loeckinger et al. [5] have applied CPAP at 10 cmH,O
during CPB in seven patients submitted to elective CABG
surgery. Ventilation/perfusion distribution was evaluated by
inert gas elimination technique and pulmonary gas exchange
by P(A-a)O,. The authors could observe that CPAP at 10
cmH,O has significantly improved pulmonary ventilation/
perfusion distribution, resulting in lesser intrapulmonary
shunt four hours after CPB, when compared to patients whose
airways remained open to room air. However, the authors
also reported that these beneficial effects were not sustained
from the fourth to the eighth hour after CPB.

Ishikawa et al. [15] have reported that CPAP at 5 cnH, O
applied just after pleurotomy prevents the deterioration of
pulmonary gas exchange indexes and decreases atelectasis
formation after CPB in patients submitted to cardiac surgery.
However, the authors have also observed that these effects
could no longer be sustained during post-operative recovery.

Koner et al. [16] evaluated the evolution of P(A-a)O, in
44 patients submitted to CABG surgery with CPB divided
into three groups: Group 1. patients that has been
mechanically ventilated during CPB with a tidal volume (TV)
of 6 ml’kg and PEEP at 5 cmIL, O (n= 15): Group 2, ventilated
with TV of 5 ml’kg and PEEP at 5 cmH, O (n = 14): and Group
3, patients that has been ventilated with TV of 10 ml/kg,
without PEEP (ZEEP). They reported better P(A-a)O, in
Groups 1 and 2 (patients that used PEEP at 5 cmHH, O during
CPB) when compared to group 3 (ZEEP). i

Altmay et al. [17] have evaluated the effects of CPAP at
10 cmi, O during CPB on pulmonary gas exchange after open
heart surgery. They reported lesser values of intrapulmonary
shunt and of P(A-a)O, 20 minutes after CPB and just after
sternum closure in those patients that have used CPAP during
CPB. when compared to those whose airways were kept open
to atmosphere. They concluded that CPAP use during CPB
is an effective maneuver to reduce intrapulmonary shunt
and the P(A-a)O, just after surgery ending. but their beneficial
effects were transient and couldn’t be sustained for the whole
postoperative period.

One important limitation of the present study is the small
population sample. This number of patients was initially
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FIGUEIREDO. LC ET AL - CPAP de 10 cmH O durante a circulagio
extracorporea ndo melhora a troca gasosa pos-operatoria
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selected based on previously published papers [2.5.8]. Just
after the inclusion of the first 30 patients in the trial a
preliminary statistical analysis of the data was done, and a
projection indicated that even if the population sample had
been increased to 100 or 150 patients, clinically significant
or relevant differences could not be found between patients
receiving or not CPAP during CPB. In this way, we decided
to stop the trial.

In sumimary, in accordance with many other literature
reports, we were unable to demonstrate that applying CPAP
during CPB in open heart surgery results in prolonged
beneficial effects on postoperative pulmonary gas
exchange.

CONCLUSION

Continuous positive airway pressure at 10 ¢cmH,O
administered during CPB, although had lightly improved
Pa0,/FiO, at 30 minutes post-CPB. had no significant
sustained effect on postoperative pulmonary gas exchange.
We concluded that in patients submitted to myocardial
revascularization. application of 10 cmH, O CPAP does not
improve postoperative pulmonary gas exchange.
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O presente trabalho foi realizado na Irmandade Santa Casa de Araras apds
aprovacio do Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da
Universidade Estadual de Campinas sob o protocolo nimero 292/2005 e com um termo de
consentimento livre e esclarecido que foi obtido de todos os pacientes antes da inclusdo no
estudo. A populagdo do estudo foi composta de 30 individuos de ambos os sexos,
submetidos a cirurgia de ravascularizacdo miocdardica eletiva com o uso da circulagdo
extracorporea. O nimero de pacientes a ser incluido no estudo foi estimado, inicialmente,
com base nos relatos dos estudos de Berry et al. (1993), Loeckinger et al. (2000) e
Magnusson et al. (2000). Os pacientes foram randomizados, um dia antes da cirurgia,
em dois grupos: grupo CPAP (n=15) que recebeu a aplicagdo de CPAP de 10 cmH,0
durante o procedimento de CEC e grupo controle (n=15) com pacientes que o CPAP ndo
foi aplicado durante a CEC. As varidveis que analisam as trocas gasosas foram obtidas por
meio de gasometrias arteriais nos periodos antes da CEC, ap6s a CEC, no pds-operatorio

imediato e no primeiro dia de pds-operatorio (figura 1).

As populacdes de ambos os grupos mostraram-se homogéneas em relacdo as
caracteristicas demograficas, tempo de CEC e varidveis gasométricas arteriais no periodo
Pré, o que permitiu que os resultados obtidos nos diferentes momentos pré-estabelecidos

pudessem ser avaliados comparativamente com seguranga (tabela 1).

As alteragdes na funcdo pulmonar induzidas pela cirurgia cardiaca com CEC
sao comuns no PO de pacientes durante a evolucdo na (UTI). Essas alteracdes respiratorias
caracterizam-se pelo aumento do shunt intrapulmonar, atelectasia, aumento do P(A-a)O,,
aumento do extravazamento de liquido pulmonar e diminui¢do da complacéncia.
Os principais fatores relacionados a essas alteracdes incluem a redug¢do ou auséncia de
fluxo sangiiineo pulmonar durante a CEC e a abertura do espagco pleural durante o

procedimento cirdrgico (Magnusson et al., 1998).

Os estudos de Weiss et al (2000) mostraram que durante um periodo de
12 horas apds a cirurgia de RM com uso da CEC os pacientes desenvolvem uma
diminui¢do da relacdo PaO,/FiO,. Nesse estudo, a PaO,/FiO, foi avaliada apds a indugdo
anestésica e comparada com os valores obtidos apds 1 hora, 6 horas e 12 horas do término

da CEC em 460 pacientes. Os valores encontrados foram de 224+109 mmHg (1 hora apds a
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cirurgia); 284+104 mmHg (6 horas apds a cirurgia) e 235+90 mmHg (12 horas apds a
cirurgia), e os autores concluiram que apesar da evolucao nas técnicas de CEC, a presenca

de hipoxemia ainda é comum em pacientes no PO de cirurgia cardiaca.

Barbosa e Carmona (2000) relataram que a diminui¢do da PaO,/FiO, € uma das
complica¢des encontradas em PO de cirurgia de RM devido a diminuicao da capacidade
residual funcional causada pela presenca de microatelectasias, alteragdes nas propriedades
elasticas e nas caracteristicas fluxo-resistivas do sistema respiratério com 0S seus
dois componentes, pulmdo e parede tordcica. Essas alteragdes causam modificacdes na
distribuicao dos gases inspirados, bem como nas trocas gasosas, levando ao aparecimento
de hipoxemia. Adicionalmente, a CEC leva a sindrome da reacdo inflamatdria sist€mica

(SIRS) que pode contribuir para a diminui¢do da PaO,/FiO,,

Quanto a confiabilidade no uso desses tradicionais parametros de oxigenacao
para a avaliacdo da funcdo respiratdria, Terzi e Dragosavac (2000) consideram que a
Pa0O,/FiO; e o P(A-a)O, sdo estatisticamente compardveis em pacientes no PO de cirurgia
cardiaca com CEC. De fato, no presente estudo, a PaO,/FiO, apresentou valores dentro da
normalidade no periodo Pré, que diminuiram significativamente (p < 0,001) nos momentos

subseqiientes de observacao (tabela 2).

Em relagdo a andlise comparativa da PaO,/FiO, entre os grupos, houve uma
tendéncia de melhor valor desta varidvel para os pacientes do grupo CPAP em relacdo ao
grupo controle no momento Pés (255,9+83,4 mmHg vs 223,6+144,2 mmHg), entretanto

sem diferenca estatisticamente significativa (p = 0,39) (figura 3).

O gradiente alvéolo-arterial de oxigénio [P(A-a)O;] em pacientes com
comprometimento do intercambio gasoso pulmonar estard aumentado em toda a faixa de
(FiO,), podendo atingir valores muito mais elevados que em individuos normais.
O P(A-a)O; medido em pacientes no periodo PO de cirurgia cardiaca com CEC mostrou
valores de 119 mmHg para uma FiO, de 0,4 e de 338 mmHg com FiO, de 1,0 (Terzi e
Dragosavac, 2000).

Yamagishi et al (2000) observaram, em 50 pacientes no pds-operatorio de RM,
uma P(A-a)O; de 22 até 118 mmHg trés horas apds a cirurgia, e em torno de 121 mmHg no

primeiro dia de PO. Esse mesmo comportamento pdde ser observado no presente estudo,
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onde o P(A-a)O, apresentou valores aumentados em ambos os grupos em todos os

momentos observados (tabela 3).

Algumas medidas protetoras sdo propostas na literatura para atenuar a
disfunc¢do respiratéria freqiientemente observada apds cirurgia cardiaca com CEC, como a
realizacdo da manobra de capacidade vital repetida (Magnusson et al., 1998) e o uso do

CPAP (Loeckinger et al., 2000).

A manobra de capacidade vital repetida consiste em inflar os pulmdes por meio
de um hiperinsuflador manual com uma pressio de 40 cmH,O, mantendo-a por
15 segundos antes do término da CEC. Essa técnica € indicada em casos especificos onde a
ventilacio mecanica € requerida com altas fracdes de oxigénio (Oczenski et al., 2004).
Em estudo experimental utilizando porcos, Magnusson et al (1998) observaram que a
formacdo de atelectasias e shunt intrapulmonar poderiam ser evitados com a utilizacao da

manobra de capacidade vital repetida antes do término da CEC.

Com relacdo ao uso do CPAP durante a CEC, na tentativa de evitar o
colabamento das vias aéreas, Magnusson et al (1998), em estudo experimental, aplicaram
CPAP de 5 cmH,0 em seis porcos que foram submetidos a esternotomia e uso de CEC por
90 minutos. Avaliaram a distribuicdo da ventilacdo-perfusdo com a técnica de eliminacdo
de gds inerte e a presenca de dreas pulmonares com atelecasias por meio de tomografia
computadorizada. Os autores puderam observar que nao houve diferenca estatisticamente
significante na formacgdo de atelectasias e redu¢do do shunt pulmonar e hipdxia para a
amostra analisada, concluindo que em modelo suino a formacdo de atelectasias ndo ¢é

efetivamente prevenida com a aplicacdo de CPAP de 5 cmH,0 durante a CEC.

Dentro dessa linha de pesquisa, alguns autores tém avaliado clinicamente os
efeitos do uso da CPAP durante a CEC e correlacionando-o com a fung¢do respiratdria no

PO, porém com resultados ainda conflitantes.

Assim, Berry et al (1993) aplicaram CPAP de 5 cmH,;0 durante a CEC em
pacientes que realizaram cirurgia cardiaca e compararam com aqueles em que as vias
aéreas permaneceram abertas para o ar ambiente. Os autores observaram que o P(A-a)O,

foi estatisticamente menor apds 30 minutos do término da CEC nos pacientes que
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utilizaram CPAP, porém esse efeito benéfico ndo se manteve no restante das observagdes
(quatro e oito horas apds a CEC). Os autores concluiram que ndo ha vantagens do uso de
CPAP durante a CEC como mecanismo para melhorar a fungdo pulmonar no pés-operatorio
(PO). Também, Gilbert et al (1996) aplicaram baixos niveis de CPAP durante a CEC em
nove pacientes que foram submetidos a cirurgia cardiaca. Os autores avaliaram as
propriedades mecanicas pulmonares por meio da complacéncia e resisténcia das vias aéreas
e as trocas gasosas por meio do P(A-a)O,. Os autores observaram que os pacientes que
utilizaram a estratégia protetora com aplicacdo de baixos niveis de CPAP ndo obtiveram
mudancas significativas nas propriedades mecanicas pulmonares ¢ no P(A-a)O, no

pos-operatorio.

Por outro lado, Zabeeda et al (2003) compararam o uso de ventilagdo de alta
freqiiéncia, ventilacdo com volume controlado e CPAP de 5 cmH,O nos indices de trocas
gasosas em pacientes durante o procedimento de CEC, demonstrando que o gradiente
alvéolo-arterial foi menor e a pressdo parcial de oxigénio (Pa0O;) foi maior nos pacientes
que receberam CPAP quando comparados com os pacientes que receberam os outros

modos ventilatérios.

Loekinger et al (2000) aplicaram CPAP de 10 cmH»O durante o uso da CEC em
sete pacientes submetidos a cirurgia cardiaca eletiva de RM. Foram avaliadas a relagao
entre a ventilacao e perfusdo por meio da técnica de eliminacdo de gas inerte e o P(A-a)O,.
Os autores puderam observar que os pacientes que receberam CPAP de 10 cmH,0O
apresentaram uma significante melhora na perfusdo das dreas pulmonares com relacdo
ventilacao/perfusdo normal e, conseqiientemente, menor taxa de shunt pulmonar 4 horas
ap6s a CEC em comparagdo com o grupo de pacientes em que as vias aéreas permaneceram
abertas para o ar ambiente durante a CEC. No entanto, os autores observaram que esses

efeitos ndo se estenderam para os periodos de quatro e oito horas apds a CEC.

Ishikawa et al (2000) relataram que o uso de CPAP de 5 cmH,O iniciado
imediatamente apds a pleurotomia previne a queda nos valores de oxigenacdo sangiiinea e
reduz a formacdo de atelectasias apds o uso da CEC. Porém, os autores também observaram

que esses efeitos ndo permanecem no restante do periodo PO.
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Koner et al (2004) avaliaram o P(A-a)O, em 44 pacientes submetidos a cirurgia
de RM com uso da CEC divididos em trés grupos: o grupo 1 utilizou a VM durante a
cirurgia com volume corrente de 6 ml/kg e pressao positiva expiratéria (PEEP) de 5 cmH,0
(n = 15); no grupo 2 o volume corrente foi de 5 ml/kg e a pressdo positiva de 5 cmH,0
(n = 14); e o grupo 3 utilizou volume corrente de 10 ml/kg, sem pressao positiva. Com base
em seus resultados, os autores concluiram que a P(A-a)O, foi melhor nos grupos 1 e 2,

que usaram PEEP de 5 cmH,0O durante a CEC, em relacao ao grupo 3.

Altmay et al (2006) examinaram os efeitos do uso de CPAP de 10 cmH,0 nas
trocas gasosas. Os autores encontraram menores valores de shunt e P(A-a)O; no grupo que
utilizou CPAP apdés 20 minutos do término da CEC e apds o fechamento do esterno.
Os autores concluiram que o uso de CPAP durante a CEC diminui o shunt pulmonar e o

P(A-a)O; durante a cirurgia, mas estes efeitos nao se mantém no periodo PO.

Mais recentemente, apds o envio da presente investigacdo para publicacgao,

dois novos estudos sobre o assunto foram publicados.

Sasson et al (2007) investigaram o impacto do uso de cinco modalidades de
ventilacdo durante a CEC em cinqiienta pacientes pediatricos. Os sujeitos foram divididos
em grupos de acordo com a modalidade ventilatéria analisada. Os grupos 1 e 2 receberam
VM em alta freqiiéncia com FiO; em 1 e 0,21. Os grupos 3 e 4 receberam CPAP com FiO,
de 1 e 0,21. Finalmente, no grupo 5, as vias aéreas foram abertas ao ar atmosférico.
Os autores observaram que a utilizacdo de diferentes modalidades ventilatorias ndo
interferiu na oxigenacdo nos periodos intra e PO de pacientes pedidtricos que foram

submetidos a cirurgia cardiaca.

John e Ervine (2008) analisaram a troca gasosa pulmonar em trinta e
trés pacientes que foram submetidos a cirurgia de RM de forma eletiva. Os autores
randomizaram os pacientes em grupo 1 com pacientes que receberam VM durante o
procedimento de CEC com um volume corrente de Sml/Kg e grupo 2 com pacientes que as
vias aéreas foram abertas ao ar atmosférico durante a CEC. A modalidade ventilatéria
utilizada ndo foi mencionada no estudo. Os autores observaram diferenca estatisticamente

significativa dos valores de P(A-a)O; apds 1 hora do PO nos pacientes que receberam VM

Discussao

40



durante a CEC, Entretanto, esses valores ndao foram mantidos ao longo do tempo do PO.
Relataram também que os pacientes do grupo ventilado durante a CEC foram extubados

mais rapidamente.

Em resumo, muito embora boa parte dos estudos disponiveis demonstre um
efeito benéfico inicial do uso do CPAP ou de outras formas de pressdo positiva nas vias
aéreas durante a CEC, quase todos sdo concordantes quanto ao fato de que o uso dessas
técnicas ndo parece melhorar a fun¢cdo pulmonar no PO imediato (ou mais tardio) de

pacientes submetidos a cirurgia cardiaca.
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O uso de CPAP de 10 cmH;0O durante a CEC em pacientes que foram
submetidos a RM, muito embora tenha levado a valores discretamente melhores na
PaO,/FiO, e no P(A-a)O, apés 30 minutos de CEC, ndo resultou em beneficios
significativos nas trocas gasosas para os mesmos durante o periodo PO, quando
comparados aos pacientes em que as vias aéreas permaneceram abertas para a atmosfera

durante o procedimento.
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PARECER DO CEP

FACULDADE DE Cl ENCI AS MEDI CAS

COMI TE DE ETI CA EM PESQUI SA
< Caixa Postal 6111, 13083-970 Campinas, SP
@ (0_19) 3788-8936
FAX (0_19) 3788-7187
% www.fcm.unicamp.br/pesquisa/etica/index.html
2 cep@fcm.unicamp.br

CEP, 15/09/08.
(Grupo III)

PARECER PROJETO: N° 292/2005
CAAE: 0585.0.000.146-05

I- IDENTIFICACAO:

PROJETO: “USO DA CPAP DURANTE O PROCEDIMENTO DE CIRCULACAO
EXTRACORPOREA EM PACIENTES SUBMETIDOS A CIRURGIA CARDIACA
ELETIVA DE REVASCULARIZACAO DO MIOCARDIO”.

PESQUISADOR RESPONSAVEL: Luciana Castilho de Figueiredo

INSTITUICAO: Irmandade Santa Casa de Araras, UTI adulto, Centro Ciridrgico.

APRESENTACAO AO CEP: 13/06/2005

APRESENTAR RELATORIO EM: 28/06/06
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II- OBJETIVOS

Comparar os indices de troca gasosa pulmonar que avaliam a disfuncao
respiratoria em pacientes que foram submetidos a cirurgia cardiaca eletiva de
revascularizacdo do miocardio com e sem o uso da Pressdo Continua Positiva nas Vias

Aéreas (CPAP) 10 cmH,0 durante o procedimento da Circulacdo Extracorpdrea (CEC).

III- SUMARIO

As cirurgias cardiacas sdo realizadas na grande maioria com uso de Circulagao
Extracorpérea (CEC), que promove um fluxo sanguineo sist€émico para o corpo enquanto o
coracdo e o pulmao ndo estdo funcionando. A abertura da cavidade pleural, bem como o
fato de deixar o pulmdo em contato direto com o meio ambiente através da desconexao do
tubo endotraqueal sdo fatores que geram em alguns casos o surgimento de disfuncdo
respiratria apds a cirurgia. Vdrias sdo as pesquisas realizadas no sentido de prevenir ou
minimizar a disfuncdo respiratéria no paciente de cirurgia cardiaca. O uso de uma
assisténcia ventilatéria adequada, utilizando Pressdao Continua Positiva nas Vias Aéreas
(CPAP) de 10 cmH;0 durante o periodo de uso da CEC poderia minimizar as alteragdes da
funcdo pulmonar, fazendo com que haja uma diminui¢do nas complicagdes associadas ao

pOs-operatorio.

A pesquisa serd realizada nas dependéncias da Irmandade de Santa Casa de
Misericordia de Araras (IMSCA), incluindo os setores do Centro Cirurgico e Unidade de
Terapia Intensiva. A populacio em estudo serd composta de pacientes que serdo
submetidos a cirurgia cardiaca de revascularizagao do miocardio eletiva, com utiliza¢io de
CEC e que apresentam todos os critérios de inclusdo. Trinta (30) pacientes serdao
aleatoriamente randomizados em dois grupos: um grupo controle € um grupo estudo.
Os pacientes do grupo estudo serdo submetidos, durante o procedimento da CEC a
aplicacdo de um CPAP de 10 cm de H20O, durante toda a duracdo do procedimento,
enquanto os pacientes do grupo controle, durante o procedimento da CEC, ndo serdao
submetidos a aplicacio de CPAP. Nos dois grupos serdo realizados os exames de
gasometria arterial que fazem parte da rotina da assisténcia ao paciente de cirurgia cardiaca

da IMSCA. Os dados destes exames serdao utilizados para calculo dos indices de troca
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gasosa pulmonar. Os dados referentes a internacdo hospitalar serdo obtidos através dos
prontudrios da enfermaria e da UTI. Os pacientes serdo abordados no pré-operatdrio,
mediante a internacdo na ISCMA, para assinatura do Termo de Consentimento Livre e

Esclarecido.

IV- COMENTARIOS DOS RELATORES

Projeto elaborado adequadamente tanto quanto sob o aspecto metodolégico
quanto ao aspecto ético. Na nova versao apresentada a pesquisadora esclareceu as questdes
levantadas pelos assessores de forma adequada e o Termo de Consentimento Livre e

Esclarecido esta adequado.

V- PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da
UNICAMP, ap6s acatar os pareceres dos membros-relatores previamente designados
para o presente caso € atendendo todos os dispositivos das Resolugdoes 196/96 e
complementares, bem como ter aprovado o Termo do Consentimento Livre e
Esclarecido, assim como todos os anexos incluidos na Pesquisa, resolve aprovar sem

restri¢des o Protocolo de Pesquisa supracitado.

O conteido e as conclusdes aqui apresentados sdo de responsabilidade
exclusiva do CEP/FCM/UNICAMP e ndo representam a opinido da Universidade Estadual

de Campinas nem a comprometem.

VI- INFORMA COES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizacdo alguma e sem prejuizo ao
seu cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma copia do Termo de

Consentimento Livre e Esclarecido, na integra, por ele assinado (Item 1V.2.d).
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Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo
aprovado e descontinuar o estudo somente apds andlise das razdes da descontinuidade pelo
CEP que o aprovou (Res. CNS Item III.1.z), exceto quando perceber risco ou dano ndo
previsto ao sujeito participante ou quando constatar a superioridade do regime oferecido a

um dos grupos de pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que
alterem o curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar
medidas imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha
sido em outro centro) e enviar notificacdo ao CEP e a Agéncia Nacional de Vigilancia

Sanitaria — ANVISA — junto com seu posicionamento.

Eventuais modificacdes ou emendas ao protocolo devem ser apresentadas ao
CEP de forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas
justificativas. Em caso de projeto do Grupo I ou II apresentados anteriormente 8 ANVISA,
o pesquisador ou patrocinador deve envid-las também a mesma junto com o parecer

aprovatorio do CEP, para serem juntadas ao protocolo inicial (Res. 251/97, Item III.2.e)

Relatdrios parciais e final devem ser apresentados ao CEP, de acordo com os

prazos estabelecidos na Resolu¢ao CNS-MS 196/96.

VII- DATA DA REUNIAO

Homologado na VI Reunido Ordinéria do CEP/FCM, em 28 de junho de
2005

Profa. Dra. Carmen Silvia Bertuzzo
PRESIDENTE DO COMITE DE ETICA EM PESQUISA
FCM / UNICAMP

ORIGINAL ASSINADO
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FICHA DE COLETA DE DADOS

Aluna: Luciana Castilho de Figueiredo

Orientador: Prof. Dr. Sebastidao Araijo

Iniciais do nome: Registro hospitalar:

Cirurgia: Idade: Sexo:

T.CEC: T. Pincamento: T. Isquemia:

IMC: Tabagismo: () sim () nao

Grupo:

Gasometria
PO, PCO, Sa0, PO,/FIO, | P(A-a)0O;
Momentos

Pré-CEC

100% FI10,

Pos-CEC

100% F10,

PO Imediato

40% FI10,

PO1- Venturi®

50% FI10,
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PLANILHA DE DADOS

Dados do grupo estudo

IDADE SEXO T.CEC |T.PINCAM| ISQUEM IMC TABAGIS
59 M 50 31 20 23 N
55 M 58' 38' 10 21,79
77 M 49' 30 20 30,5 S
61 F 56' 48' 25' 21,4 N
46 M 58' 36' 22' 29,4 N
43 F 81 59' 32' 34,63 S
76 M 76' 60' 39' 27,1 N
63 M 42' 31 25' 24,8 N
51 F 36' 23' 15' 22,6 N
56 M 51 33 25' 29,4 S
71 M 60’ 41’ 27' 22 N
75 F 48' 30’ 20' 30,95 N
71 F 45' 30’ 20' 28 N
63 F 31 21" 18 27,45 N
56 M 42' 31 23' 29 N

10-PRE 10-POS IOPOI IOPO1 | GRADPRE | GRADPOS | GRADPOI
441 213 237,5 292 176,25 401,75 1314
401 414 320 268 223,75 203,25 93,4
370 185 315 164 217,88 425,75 92,9
407 370 380 210 226,5 262,25 76,9
400 279 257,5 252 223,5 313,3 109,7
213 192 207,5 226 411,75 414 232,65
309 165 235 292 299 439,75 133,65
342 201 272,5 224 276,5 395 104,9
351 230 265 192 268,75 381 125,4
356 202 262,5 172 246,25 396,5 120,15
267 270 182,5 172 356,5 346 149,65
395 176 207,5 176 212,25 432,12 134,65
346 418 212,5 166 277,5 195,25 130,15
294 264 2425 186 315,75 345,25 128,15
217 259 240 164 381,5 330,13 124,15
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GRADPO1 | T VM(horas) | PaO2PRE | PaO2POS | PaO2POi | PaO2PO1 | PaCO2PRE
144,5 8 441 213 95 146 39
156,5 9 401 414 128 134 33

207,25 9 15MIN 370 185 126 82 62,5
180,5 9 407 370 152 105 26
158,2 8 30MIN 400 279 103 126 34
177,5 7 45MIN 213 192 83 113 33
190,75 10 30MIN 307 165 94 146 48
178,5 9 20MIN 342 201 109 112 38
193,25 8 10MIN 351 230 106 96 37

202 9 15MIN 356 202 105 86 51

200,75 12 267 270 73 86 34
197,5 12 30MIN 395 176 83 88 47

196,25 11 15MIN 346 418 85 83 34

205 9 15MIN 294 264 97 93 45
211 3 15MIN 217 259 96 82 54
PaCO2P0OS | PaCO2POi |PaCO2PO1 | SaO2PRE | Sa02POS | SaO2POi | SaO2PO1
41 32 34 100 100 98 99
39 36 34 100 100 99 99
44,2 38 35 100 100 99 96
27 30 38 100 100 99 98
59 43 39 100 100 97 99
48 27 34 100 99 95 98
49 31 29 100 100 97 99
56 42 34 100 99 98 98
44 28 35 100 100 98 97
54 33 36 100 99 98 96
40 35 37 100 100 96 97
46,3 39 38 100 99 95 96
422 41 43 100 100 96 96
45,4 33 28 100 100 98 97
61,5 37 32 100 100 97 96
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Dados do grupo controle

IDADE SEXO T.CEC T.PINCAM | ISQUEMIA IMC TABAGIS
65 M 61' 43' 28' 25,6 S
68 M 49’ 53' 20' 25,9
76 M 50' 33' 20' 21,6 N
48 M 47 36' 22' 27,16 S
59 M 51 35' 21 20,98 S
52 M 68' 48' 30' 32,04 S
53 M 46' 30' 21 23,8 N
71 M 65' 45' 30' 26,8 S
73 M 43 33' 23' 24,2 N
57 F 126' 65' 29' 24 N
48 F 54' 38' 25' 27,5 N
52 M 58' 39' 28' 25,7 S
61 F 39' 27 23' 22,7 N
56 M 53' 38' 23' 24,6 S
69 M 44' 29' 18' 19,5 S

10-PRE 10-POS IOPOi IOPO1 GRADPRE | GRADPOS | GRADPOI

302 142 215 172 304,25 444,88 129,15
421 176 165 192 165,75 402,62 142,9
495 485 352,5 244 114,25 126 85,4

208 112 165 124 395,13 479,5 151,65
523 509 252,5 248 91,62 101,25 117,9
264 172 220 186 352 431,5 132,15
433 413 310 344 176,75 192,5 83,65
280 127 225 192 329,75 479,75 1114
138 369 297,5 218 464,25 243,25 114,9
433 195 285 216 178 416 99,9

163 129 167,5 204 430,5 472 150,65
363 179 155 142 258 434,5 159,4
397 115 285 172 226,5 491 97,4

215 71 142,5 132 386 523,75 178,15
383 160 295 210 231,75 442,25 109,65
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GRADPO1 | T VM(horas) | PaO2PRE | PaO2POS | PaO2POi | PaO2PO1 | PaCO2PRE
197 302 142 86 86 47,8
179,5 9 421 176 66 96 63,4
167,25 915 MIM 495 785 141 122 45,4
237 8 208 112 66 61 50,3
165,25 10 523 509 101 124 41,1
200 8 15MIN 264 172 88 93 40
112,55 9 433 413 124 172 45
187 12 280 127 90 96 45
186,5 10 138 369 119 109 51
176,25 9 30MIN 433 195 114 108 44
191 9 15MIN 163 129 67 102 58
219,5 10 363 179 62 71 36
197 8 50 MIN 397 115 114 86 34
227 9 5MIN 215 71 57 66 52
186,75 11 30MIN 383 160 118 105 41
PaCO2P0OS | PaCO2POi |PaCO2PO1 | SaO2PRE | Sa02POS | Sa02POi | SaO2PO1
63,3 41 40 100 99 97 97
69,9 46 46 100 99 92 97
44 32 35 100 100 99 99
59,6 39 28 100 97 92 92
44,7 38 35 100 100 97 98
50 37 32 100 99 97 93
48,4 47 39 100 100 98 99
47,4 52 40 100 98 96 97
43 26 30 99 100 99 98
44 42 39 100 100 98 98
52 39 32 99 98 92 98
42 36 34 100 100 91 94
48 44 40 100 98 98 97
57 25 32 100 91 89 93
51 31 33 100 99 99 98
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CPAP de 10 cmH,O durante a circulagdo
extracorporea ndo melhora a troca

gasosa pos-operatoria

CPAP ar 10 cm H,0 during cardiopulmonary bypass does not improve postoperative gas exchange

Luciana Castilho de FIGUEIREDQ!, Sebastidio ARAUJO? Rosangela Cristina S. ABDALA?, Abrdo ABDALA*,

Cristina Aparecida Veloso GUEDES’

RBCCV 44205-976

Resumo

Objetivo: Comparar os indices de trocas gasosas no pos-
operatorio de pacientes submetidos a revascularizacio do
miocardio (RM) que receberam ou nio pressio positiva
continua nas vias aéreas (CPAP) durante a circulacio
extracorporea (CEC).

Meétodos: Trinta pacientes adultos submetidos a RM com
CEC no periodo de marco a setembro de 2005 foram alocados
aleatoriamente em dois grupos: CPAP (n=15), pacientes que
utilizaram CPAP a 10 emH,0 durante a CEC, e controle
(n=15), pacientes que nio utilizaram CPAP. Foram
analisados a PaO_/FiO, e o P(A-a)O, em quatro momentos:
Pré (logo antes da CE_C, com FiO, = 1,0); Pés (30min pos-
CEC, com FiO, = 1,0); PO imediato (12h apos a cirurgia,
com FiO, = 0,4, utilizando mascara facial) e 1° PO (24 horas
apos a cirurgia, com FiO, = 0,5, utilizando mascara facial).

Resultados: A PaO,/FiO, e o P(A-a)O, mostraram piora
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significativa no decorrer do tempo dentro de cada grupo,
porém sem diferencas significativas entre os grupos em
nenhum momento. Quando a PaO,/FiO, foi subdividida em
trés categorias, foi observada maior prevaléncia de pacientes
do grupo CPAP com valores entre 200 mmHg e 300 mmHg
(p=0,02) apenas no momento Pés (30min pos-CEC).

Conclusdo: O uso de CPAP de 10 emH, O durante a CEC,
muito embora tenha resultado em melhores valores na PaO/
FiO, 30 minutos p6s-CEC, nao resulton em beneficios
duradouros nas trocas gasosas durante o PO, Nos concluimos
que, em pacientes submetidos a RM, a aplicaciao de CPAP 10
cmH O niao melhora significativamente as trocas gasosas
pulm_mmres no pos-operatorio.

Descritores: Pressiio positiva continua nas vias aéreas.
Circulacio extracorporea. Troca gasosa pulmonar.
Procedimentos cirnrgicos cardiacos.

Artigo recebido em 25 de outubro de 2007
Artigo aprovado em 26 de mar¢o de 2008

209

Anexo 4

59



FIGUEIREDO. LC ET AL - CPAP de 10 emH,0 durante a circulagio

extracorporea ndo melhora a troca gasosa pos-operatoria

Rev Bras Cir Cardiovasc 2008; 23(2). 209-215

Abstract

Objective: To compare postoperative (PO) pulmonary gas
exchange indexes in patients submitted to myocardial
revascularization (MR) with or without the application of
continuous pesitive airway pressure (CPAP) during
cardiopulmonary bypass (CPB).

Merhods: Thirty adult patients submitted to MR with CPB
between March and September 2005 were randomly allocated
to two groups: CPAP (n=15), patients that received CPAP at 10
emH,O during CPB, and control (n=15), patients that didn’t
receive CPAP, PaO:«"FiO: and P(A-a)O, were analyzed at four
moments: Pre (just before CPB, with Fi0,=1.0 ); Post (30min
post-CPB, with Fi0,=1.0); immediate PO period (12h post-
surgery, with Fi0,=0.4 by using a Venturi® facial mask) and
first PO day (24h post-surgery, with Fi0,=0.5 by a facial mask).

Resulrs: PaO,/FiO, and P(A-a)O, tend to get significantly

INTRODUCTION

Pulmonary  complications  associated to
cardiopulmonary bypass (CPB) increase morbidity and
mortality in patients submitted to cardiac surgeries [1]. The
incidence of pulmonary complications varied largely and
has been reported in 2% to 64% 1n patients submutted to
open heart surgery with CPB, being characterized by an
increase in the alveolar-arterial oxygen gradient [P(A-a)O,].
atelectasis and increased alveolo-capilar membrane
permeability [2].

The surgical opening of pleural cavity. with consequent
loss of negative intra-pleural pressure, allied to the fact
that the lungs remain directly in contact with the room air
through the opened endotracheal tube are predisposing
factors to atelectasis, increased intrapulmonary shunt.
pulmonary congestion and alveolo-capilar membrane injury
during open heart surgery with CPB. Pulmonary function
and gas exchange are usually impaired in 20% to 90% of
patients submitted to cardiac surgery with CPB. Pulmonary
injury induced by CPB remains as an important cause of
postoperative morbidity in these patients [3].

Many therapeutic strategies have been investigated in
aim to minimize or prevent the incidence of these
complications, including the vital capacity maneuver [4]
and the application of continuous positive airway pressure
(CPAP) during CPB[5].

CPAP maneuver is characterized by the application of a
constant and continuous positive pressure into the
patient’s airway. In this manner, the flow generated by the
mechanical ventilator keeps airways pressurized and
opened, avoiding them to collapse [6].

Berry et al. [2] have reported that CPAP at 5 cmH,0
during CPB didn’t improve pulmonary function (evaluated
by alveolar-arterial oxygen gradient) and the extubation

210

worst as time elapsed during the postoperative period in
both groups, but no differences were observed between them
at any moment. When PaO,/FiO, was subdivided into three
categories, a greater prevalence of patients with values
between 200 mmHg and 300mmHg were observed in CPAP
group only at moment Post (30min post-CPB; p = 0.02).
Conclusion: CPAP at 10cmH20O administered during
CPB, although had lightly improved PaO,/FiO, at 30 minutes
post-CPB, had no significant sustained effect on
postoperative pulmonary gas exchange. We concluded that
in patients submitted to MR, application of 10 emH,O CPAP
does not improve postoperative pulmonary gas exchange.

Descriptors: Continuous positive airway pressure.
Extracorporeal circulation. Pulmonary gas exchange.
Cardiac surgical procedures.

time in their patients. Gilbert et al. [7] reported that the
application of low CPAP levels during CPB has not
statistically changed pulmonary mechanical properties or
gas exchange in nine treated patients.

Magnusson et al. [8], in an experimental trial comparing
pigs that have received or not CPAP at 5 emH, O during
CPB, reported that the application of CPAP didn’t prevent
atelectasis or increasing in pulmonary shunt in these animals
when compared to control ones.

According to Loeckinger et al. [5]. a negative fluid
balance and the application of CPAP have been used to
decrease the adverse effects of CPB on pulmonary function.
The authors have applied CPAP at 10 cmH, O during CPB in
seven patients, verifying that those who received CPAP at
10 cmH, O have shown improving in ventilation/perfusion
mismatch, with lesser pulmonary shunt values and better
gas exchange indexes measured four hours after CPB when
compared to patients whose airways remained open to
atmosphere.

In this way. considering the controversy swrrounding
this matter in medical literature. the main objective of the
present trial was to evaluate the effects of CPAPat 10 cmH,O
applied during CPB on postoperative pulmonary gas
exchange in adult patients scheduled to elective myocardial
revascularization surgery.

METHODS

The study was approved by the Research Ethics
Conumittee of the Faculty of Medical Science from Campinas
State University (Unicamp) (protocol N° 292/2005) and a
written informed consent was obtained from every patient
before inclusion.

The research was performed at the Irmandade de Santa
Casa de Misericordia from Araras (ISCMA), including
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FIGUEIREDO. LC ET AL - CPAP de 10 cmH,0 durante a circulagio
extracorporea nio melhora a troca gasosa pos-operatoria

Rev Bras Cir Cardiovasc 2008; 23(2): 209-215

surgical theater and intensive care unit settings, between
March and September 2005,

The studied population was composed by 30 adult
patients, both sexes. submitted to elective myocardial
revascularization (MR) surgery with CPB. This number of
patients was initially selected based on data previously
published [2,5.8]. During the trial period, all patients were
managed by the same anesthetic and surgical teams, and
no interference or modifications were done by the
researchers in the pre-established anesthetic, surgical and
clinical treatment guidelines.

Inclusion criteria were as following: age> 18 years: both
sexes; elective surgical procedure; surgery with CPB and
patient’s voluntary agreement to participate in the research
by sign an informed consent term. Exclusion criteria were:
age < 18 years: patients with valvulopathies associated to
the ischemic heart disease: patients with left ventricle
aneurysm: infective endocarditis: non-elective surgery and
patient’s refusal to sign the informed consent term.

The patients were randomly allocated in the day
previous to surgery to two groups: CPAP group (n = 15).
with CPAP at 10 cm H,O applied during CPB. and conrrol
group (n=15). without CPAP during CPB.

Demographic data such as gender. age and body mass
index (BMI), and the presence of actual tobacco use were
recorded preoperatively. The type of surgery was also
recorded. CPB time. mechanical ventilation time and arterial
blood gases for oxygenation indexes calculations were
extracted from anesthesia sheet. CPB sheet and patients
ICU medical records, as appropriated.

In both groups, arterial blood samples for gas analyses
(Pa0,, PaCO,, Sa0.) and to pulmonary gas exchange indexes
[PaO;/FiO2 e P(A—é)Oz] calculations were collected at four
different moments: Pre-CPB (just before CPB, with FiO, = 1.0):
Post-CPB (30 minutes post-CPB, with FiQ, = 1.0); immediate
PO (12 hours after surgery. with Fi0,= 0.4 byusing a Ventui®
facial mask): and at the first PO day (24 hours after surgery.
with Fi0,=0.5 by using a Venturi® facial mask).

Statistical analysis

Statistically. data were examined by using Qui-square
or Fisher’s exact test to compare categorical variables
between groups. Mann-Whitney U test was used to
compare nmuunerical variables between groups at different
observation moments. Analysis of variance for repeated
measures (ANOVA) was used to compare pulmonary gas
exchange variables between groups and between
observation times. Comparisons between groups were done
by using Tukey’s post-hoc test. and comparisons between
observation times were done by profile test. The variables
without normal distribution were logarithmic (log,,)
transformed for statistical analysis. P-values < 0.05 were
considered significant.

The study protocol diagram 1s shown i Figure 1.

| ELIGIELE PATIENTS I

|

I Inclusion/exclusion criteria |

|

Pre-CFB- 1" data callection
Fi0z=1.0
[PaCrz, PaCOy, Sa0a, PaOaFiC,, P(4-a)

2]
CPAP
GROUP

CEB with
CPAP at 10emH:0

CONTROL
GROUFP

30minPost-CPB — 2™ data collection
FIO:= 1.0
[ibid]

12h-PO - 3™ data collection
FiOy=04
[ibid]

24h-PO— 4™ data collection
Fi0y=05
[ibid]

Fig. I - Studv protocol diagram. - CPB = cardiopulmonary bypass;
CPAP = continuous positive airway pressure; FiQ, = inspired
oxygen fraction; PaCO, = arterial carbon diox ide partial pressure;
Pa0, = arterial oxygen partial pressure; PO = postoperative;
Sa0,= arterial oxygen saturation

RESULTS

Patient’s demographic characteristics. CPB duration
tume and basal arterial blood gas values (Pré-CPB) are shown
in Table 1. No significant differences were found between
groups.

Post-operative mechanical ventilation times were 9.1 +
2.1 hours in CPAP group and 9.5 = 1.1 hours in control
group (p=NS).

Statistically significant difterences in PaO,/FiO, and P(A-
a)O, were found by comparing their values at four different
moments inside each group. However. no significant
differences were found by comparing the two groups at
any time (Tables 2 and 3 and Figures 2 and 3).
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Table 1. Basal data (Pre-CPB) of both groups (data, when

pertinent, are expressed as mean + standard deviation).
Variable CPAP Group  Control group P

N=15 N=15 value
Gender (M/F) 9/6 12/3 NS
Age (years) 61.5+10.8 60.5+9.3 NS
BMI (kg/m?) 26.8=4.0 24.8+3.1 NS
Tabagism (Yes/No) 4/11 6/9 NS
CPB time (min) 522135 56.9=20.8 NS
Pa0, (mmHg) 340.5 = 68.7 3345+120.3 NS
PaCO, (mmHg) 41.0=9.8 46378 NS
$a0, (%) 99.9 0.3 100.0+0.0 NS
Pa0,/Fi0, (mmHg) 340.5 £ 68.7 334.5+120.3 NS
P (A-a)O, (mmHg) 273.6=1169 2742=678 NS

BMI = Body mass index; CPAP = continuous positive airway
pressure; CPB = cardiopulmonary bypass; F = female; M =male;
Pa02 = arterial oxygen partial pressure; PaCO, = arterial carbon
dioxide partial pressure; PaO/FiO, = oxygenation index; P(A4-
a)0, = alveolar-arterial oxygen gradient; SaO, = arterial oxygen
saturation

Table 2. PaO,/Fi0, (mmHg) at different observation moments
in CPAP and control groups.

Group PaO,/F10, Mean(SD) Min Median Max
Pre-CPB 341(69) 213 351 441
Post-CPB 256 (83) 165 230 418
CPAP 12h - PO 256 (51) 182 242 380
N=15 24h - PO 210 (46) 164 192 202
Pre-CPB 334 (120) 138 363 523
Control  Post-CPB 223 (144) 71 172 509
N=15 12h - PO 235 (67) 142 225 352
24h — PO 199 (54) 124 192 344

Observation: comparison of PaO/FiQ, (oxygenation index)
berween groups (pG-value) pG=0.183; berween times (pT-
value) pT

Table 3. P(A-a)0, (mmHg) at different observation moments in
CPAP and control groups.

Group P(A-a)0, Mean (SD) Min Median Max
Pre-CPB 274 (68) 176 269 412
Post-CPB 352(79) 195 381 440
CPAP 12h — PO 126 (35) 77 125 233
N=15 24h - PO 187 (20) 144 103 211
Pre-CPB 274 (1167) 92 258 464
Control ~ Post-CPB 379 (140) 101 434 524
N=15 12h — PO 124 (28) 84 118 178
24h - PO 189 (29) 112 187 237

Observation: comparison of P(4-a)O, (alveolar-arterial
gradient) between groups (pG-value) pG=0.827; between times
(pT-value) pT
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Post-CPB 1ZhPO 24hPO

Fig. 2- PaO/FiO, (mmHg) at different observarion times. - PaO/
FiO, (mmHg) at different observation times. Statistically significant
differences were found between nimes for both groups. * pT <
0.001 (Pre-CPB ' 30minPost-CPB; Pré-CPB “* 12h-PO; Pré-

CPB ' 24h-PO; 12h-PO ' 24h-PO)
—=— Cantrol
—a— CPAP
600
5004
=
T 400
E
E
< 3004
=]
(1]
< 2004 %
™ I
1004 4
0
Pre-CPB PostCPB 12hPO 24hP0

Fig. 3—P{4-a)O, (mmHg) at different observation times. - P(4-
a)O, (mmHg) at different observation times. Statistically
significant differences were found benveen times for both groups.
*pT < 0.001 (Pre-CPB ‘“ 30minPost-CPB; Pre-CPB ““ 12h-
PO; Pre-CPB *** 24h-PO; 30minPost-CPB ** 24h-PO and 12h-
PO " 24h-PO)

When PaO,/FiO, were subdivided into three categorical
values. a greater prevalence of patients with PaO,/FiO,
between 200 mmHg and 300 mmHg was found in CPAP
group at post-CPB moment (30 min post-CPB; p = 0.02)
(Table 4 and Figure 4).
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Table 4. Distribution of patients (%) according to categorical values of PaO,/FiO, (mmHg) at different observation
moments in CPAP and control groups.

Pa0,/FiO, CPAP (n=15) Control group (n=15)

Moment Pre-CPB  Post-CPB 12hPO  24hPO Pre-CPB  Post-CPB  12hPO  24hPO
<200 0 26.7 6.7 53.3 13.3 73.3 333 53.3
200 to 300 26.7 53.3% 73.3 46.7 26.7 0* 53.3 40.0
=300 73.3 20.0 20.0 0.0 0.0 26.7 13.3 6.7

*Fisher s exact test (p-value = 0.02). CPAP = continuous pasitive airway piessure; CPB = cardiopulmenary bypass;
PaO/FiO, = oxygenation mdex; Pre = pre-CPB; Post = 30 min post-CPB; 12hPO = 12h postoperative; 24hPO =

24h postoperative

100
p=002
80
.
o 2 a =
= 60 PaO2FI02 3 300
= B pati2Fi02 de 200 8 203
£ 40 O paoaiFioz < 200
5
2 45
5 20 L
0

CFAP ool CPAF Costiol  CPAP  Destod CRAP  Costrcl

Pre-CPB Post-CPB 12r-PO 24h-FO

Observation moments

Fig. 4 - PaO/FiQ, (mmHg) ar different observarion times in both
groups. - Statistically significant difference was found in the
percentage of patients that has shown PaO /FiO, between 200 e
300 at Post-CPB in the CPAP group in relation to control group. (*
p=0.02). CPB = cardiopulmonary bypass; Pre = pre-CPB; Post-
CPB = 30min post-CPB; 12hPO = 12 postoperative; 24h-PO =
24h postoperative

DISCUSSION

CPAP group and control group were homogeneous in
relation to demographic characteristics, CPB time and
pulmonary gas exchange indexes at baseline (Pré-CPB)
(Table 1). thus allowing a safe comparison of data obtained
at different moments of the study protocol.

Pulmonary dysfunction induced by open heart surgery
and CPB are quite common in the post-operative period at
the ICU, and are characterized by increased intrapulmonary
shunt, atelectasis, increased alveolar-arterial oxygen
gradient, increased extra-vascular lung water and decreased
pulmonary compliance [5]. The main causes of post-bypass
pulmonary dysfunction are the reduced or absent blood
flow through the lungs during CPB and the surgical opening
of pleural cavity [4].

Weiss et al. [9] reported a decrease in PaO,/FiO, during
the first 12 hours post-CPB in patients submitted to
coronary artery bypass grafting (CABG). In their study.
PaOTi0O, was calculated just after anesthetic induction
and was compared to the values obtained at one hour, six

hours and 12 howrs after CPB ending in 460 patients. The
observed values of PaO,/FiO, were: 224 + 109 mmHg: 284 +
104 mmHg: and 235 + 90 mmHg (pre-CPB: one hour: six
hours: and 12 hours post-CPB: respectively). The authors
have concluded that, despite improvements in CPB
techniques, the presence of hypoxemia remains still common
in post-operative cardiac surgery patients.

According to Barbosa and Carmona [10]. the worsening
of PaO /Fi0, in the postoperative period of CABG surgery
is mamly due to the reduced pulmonary functional residual
capacity secondary to the presence of microatelectasis.
alterations in the pulmonary elastic properties and changes
in the flow-resistive characteristics of the respiratory
system, including its two components: lung and thoracic
wall. These alterations lead to nusdistribution of mspired
gases, adversely affecting pulmonary gas exchange, with
consequent hypoxemia. Additionally, CPB induces systemic
inflammatory response syndrome (SIRS) and acute
pulmonary lung injury. thus contributing to Pa0O,/FiO,
decrease.

In regard to the reliability of these traditional variables
often used to evaluate patient’s oxygenation, Terzi and
Dragosavac [11] consider that PaO,/FiO,and P(A-a)O, are
straightly comparable when applied fo post-operative
patients submitted to open heart surgery with CPB. Indeed,
in the present trial, PaO,/Fi0, has shown values inside the
normal range at pre-CPB moment, and a subsequent
decrease at the following observation moments (p < 0.001)
(Table 2).

In our trial, PaO /F10, has shown a tendency to be better
in CPAP group compared to control only just after (30
minutes) CPB (256 + 83 mmHg vs. 223 + 144 mmHg), but this
improvement was not statistically significant (p = 0.39)
(Figure 3).

The alveolar-arterial oxygen gradient [P(A-a)0O,] in
patients with pulmonary gas exchange derangements will
be increased at any range of F.O,, with greater values than
those found m normal subjects. As reported by Terzi and
Dragosavac [11]. the calculated P(A-a)O, in post-operative
period of patients submitted to cardiac surgery with CPB
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has shown values varying from 119 mmHg with Fi0,= 0.4
to 338 mmHg with Fi0,=1.0.

Yamagishi et al. [12] reported, in 50 patients submitted
to CABG. P(A-a)0, varying from 22 mmFHg to 118 mmHg
three hours after surgery, and a mean value of 121 mm Hg at
the first post-operative day. Similar results were found in
our trial. where P(A-a)O, has shown increased values in
both groups at all moments (Table 3).

Some protective therapeutic strategies has been
proposed in the literature in aim to attenuate the pulmonary
dysfunction frequently seen after cardiac surgery with CPB.
including repeated vital capacity maneuvers [4], and the
use of CPAP during CPB [5].

In the repeated vital capacity maneuver, the lungs are
manual hyper-inflated with a pressure around 40 cmI,0
that are sustained for 15 seconds, just before CPB ending.
This maneuver is indicated in specific cases where
mechanical ventilation with high FiO, is required [13]. Inan
experimental trial using pigs, Maginusson et al. [4] reported
that atelectasis formation and intrapulimonary shunt could
be avoided by applying the repeated vital capacity maneuver
before CPB ending.

Magnusson et al. [8], in an experimental trial evaluating
the effects of CPAP during CPB in order to avoid airway
collapse. have applied CPAP at 5 cmH,O in six pigs
submitted to median sternotomy and CPB for 90 minutes.
Ventilation-perfusion distribution was evaluated by the inert
gas elimination technique, and computerized tomographic
images were used to detect the presence of atelectatic lung
areas. The authors have not observed statistically
significant differences in the incidence of atelectasis or
intrapulmonary shunt reduction and hypoxemia in the
studied sample, thus concluding that in this swine model
the formation of atelectasis is not effectively prevented by
applying CPAP at 5 cmH, O during CPB.

Clinically, some investigators have been evaluated the
effects of CPAP applied during CPB on pulmonary gas
exchange, and trying to correlate these early beneficial
effects with respiratory function later on. but with
conflicting results.

In this way. Berry et al. [2] have applied CPAPat 5 cmEL,O
during CPB in patients submitted to open heart surgery and
compared them to those whose airways remained open to
the atmosphere. They have observed that P(A-a)O, was
statistically lesser in CPAP group at 30 minutes post-CPB
ending. but this beneficial effect has not been sustained
four and eight hours after surgery. The authors concluded
that no advantage is offered by the use of CPAP during CPB
as a maneuver to improve postoperative pulmonary function.

Gilbert et. al. [7]. in a similar trial. have applied low level
of CPAP during CPB in nine patients submitted to cardiac
surgery. They evaluated lung mechanical properties by
measuring compliance and airway resistance, and the gas
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exchange function by calculating P(A-a)0,. The authors
reported that those patients who were protectively
ventilated by applying CPAP at low levels have not shown
significant changes in postoperative pulmonary mechanical
properties or in P(A-a)O,.

Otherwise, Zabeeda et al. [14] have compared the effects
of high-frequency ventilation. volume controlled ventilation
and CPAP at 5 emH,O during CPB in the postoperative
pulmonary gas exchange in patients submitted to open heart
surgery, showing that P(A-a)O, was lesser and PaO, was
higher in patients receiving CPAP when compared to those
managed with the other two modes of mechanical
ventilation strategies.

Loeckinger et al. [5] have applied CPAP at 10 cmH,O
during CPB in seven patients submitted to elective CABG
surgery. Ventilation/perfusion distribution was evaluated by
inert gas elimination technique and pulmonary gas exchange
by P(A-a)O,. The authors could observe that CPAP at 10
cmH,O has significantly improved pulmonary ventilation/
perfusion distribution, resulting in lesser intrapulmonary
shunt four hours after CPB, when compared to patients whose
airways remained open to room air. However, the authors
also reported that these beneficial effects were not sustained
from the fourth to the eighth hour after CPB.

Ishikawa et al. [15] have reported that CPAP at 5 cnH, O
applied just after pleurotomy prevents the deterioration of
pulmonary gas exchange indexes and decreases atelectasis
formation after CPB in patients submitted to cardiac surgery.
However, the authors have also observed that these effects
could no longer be sustained during post-operative recovery.

Koner et al. [16] evaluated the evolution of P(A-a)O, in
44 patients submitted to CABG surgery with CPB divided
into three groups: Group 1. patients that has been
mechanically ventilated during CPB with a tidal volume (TV)
of 6 ml’kg and PEEP at 5 cmIL, O (n= 15): Group 2, ventilated
with TV of 5 ml’kg and PEEP at 5 cmH, O (n = 14): and Group
3, patients that has been ventilated with TV of 10 ml/kg,
without PEEP (ZEEP). They reported better P(A-a)O, in
Groups 1 and 2 (patients that used PEEP at 5 cmHH, O during
CPB) when compared to group 3 (ZEEP). i

Altmay et al. [17] have evaluated the effects of CPAP at
10 cmi, O during CPB on pulmonary gas exchange after open
heart surgery. They reported lesser values of intrapulmonary
shunt and of P(A-a)O, 20 minutes after CPB and just after
sternum closure in those patients that have used CPAP during
CPB. when compared to those whose airways were kept open
to atmosphere. They concluded that CPAP use during CPB
is an effective maneuver to reduce intrapulmonary shunt
and the P(A-a)O, just after surgery ending. but their beneficial
effects were transient and couldn’t be sustained for the whole
postoperative period.

One important limitation of the present study is the small
population sample. This number of patients was initially
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selected based on previously published papers [2.5.8]. Just
after the inclusion of the first 30 patients in the trial a
preliminary statistical analysis of the data was done, and a
projection indicated that even if the population sample had
been increased to 100 or 150 patients, clinically significant
or relevant differences could not be found between patients
receiving or not CPAP during CPB. In this way, we decided
to stop the trial.

In sumimary, in accordance with many other literature
reports, we were unable to demonstrate that applying CPAP
during CPB in open heart surgery results in prolonged
beneficial effects on postoperative pulmonary gas
exchange.

CONCLUSION

Continuous positive airway pressure at 10 ¢cmH,O
administered during CPB, although had lightly improved
Pa0,/FiO, at 30 minutes post-CPB. had no significant
sustained effect on postoperative pulmonary gas exchange.
We concluded that in patients submitted to myocardial
revascularization. application of 10 cmH, O CPAP does not
improve postoperative pulmonary gas exchange.
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