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Pacientes Submetidos a Revascularizagao do Miocardio com
Circulagao Extracorporea. Relato de Trés Casos *
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RESUMO

Machado LB, Santos LM, Negri EM, Malbouisson LMS, Auler Jr JOC,
Carmona MJC — Andlise da Celularidade do Lavado Bronco-Alveolar
em Pacientes Submetidos a Revascularizagdo do Miocardio com
Circulacdo Extracorpérea. Relato de Trés Casos

JUSTIFICATIVA E OBJETIVOS: A circulacéo extracorpdrea (CEC)
€ um dos principais determinantes da resposta inflamatoria
sistémica (SIRS) em cirurgia cardiaca. Demonstrou-se em modelo
experimental que a CEC pode levar a aumento na produgao das
citocinas. No intuito de avaliar a ativagdo celular no pulmao apds
CEC, foi estudada a celularidade no lavado bronco-alveolar (LBA)
em pacientes submetidos a cirurgia de revascularizagcdo do mio-
cardio (RM) com CEC.

RELATO DOS CASOS: Foram estudados, prospectivamente, trés
pacientes adultos submetidos a RM com CEC. Apds indugdo de
anestesia geral e intubagéo traqueal, a ventilacdo mecénica foi rea-
lizada com sistema circular valvular; exceto durante a CEC, o vo-
lume corrente foi mantido entre 8 e 10 mL.kg" com O, e ar, numa
proporgéo de 50%. Antes do despincamento da aorta, foram reali-
zadas insuflagbes pulmonares com presséo de 40 cmH,0O e cole-
tadas duas amostras de LBA de cada paciente, no inicio da
intervencdo cirdrgica e ao final do procedimento, apds a reversdo
da anticoagulacédo. Apds a infusdo de 60 mL de solucéo fisiologi-
ca a 0,9% pelo canal do broncofibroscdpio, foi aspirado o LBA,
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sendo o material encaminhado para processamento laboratorial. A
andlise evidenciou aumento do numero total de células, em média,
de 0,6.10° cél.dL" para 6,8.10° cél.dL”" com aumento de neutrdfilos
de 0,8% para 4,7%, 0,6% para 6,2% e 0,5% para 5,3% em cada
paciente, respectivamente. Observou-se na ldmina o aumento de
celularidade no fluido pulmonar apds a CEC.

CONCLUSOES: O influxo leucocitério é descrito em diversas con-
dicbes clinicas pulmonares inflamatdrias, como na sindrome da an-
gustia respiratdria do adulto. Sabe-se que a CEC esta relacionada
com a inflamag&o sistémica e pulmonar, demonstrando aumento do
numero de células apds a CEC com o predominio de macrdfagos.

Unitermos: CIRURGIA, Cardiaca: circulagao extracorporea, revas-
cularizagdo; COMPLICAGCOES: reagao inflamatéria pulmonar.

SUMMARY

Machado LB, Santos LM, Negri EM, Malbouisson LMS, Auler Jr JOC,
Carmona MJC — Broncho-Alveolar Lavage Cellularity in Patients
Submitted to Myocardial Revascularization with Cardiopulmonary
Bypass. Three Case Reports

BACKGROUND AND OBJECTIVES: Cardiopulmonary bypass
(CPB) is a primary determinant of systemic inflammatory response
(SIRS) during cardiac procedures. It has been shown in an expe-
rimental model that CPB may increase cytokine production. This
study aimed at evaluating post-CPB lung cell activation by
investigating broncho-alveolar lavage (BAL) cellularity in patients
submitted to myocardial revascularization (MR) with CPB.

CASE REPORTS: Participated in this prospective study 3 adult
patients submitted to MR with CPB. After general anesthesia induc-
tion and tracheal intubation, mechanical ventilation was installed with
valve circle system; except during CPB, tidal volume was maintained
between 8 and 10 mL.kg"' with 50% O, and air. Before aortic
unclamping, 40 cmH,O pulmonary inflations were performed. Two
BAL samples were collected from all patients at beginning and end
of procedure, after anticoagulation reversion. BAL was aspired after
60 mL infusion of 0.9% saline through the bronchofibroscope tube.
Material was then referred to laboratorial processing. Analysis has
evidenced mean increase in total number of cells from 0.6 x 10Pcel.dL
to 6.8 x 10° cel.dL" with increased neutrophils from 0.8% to 4.7%;
0.6% to 6.2% and 0.5% to 5.3% for each patient, respectively. There
has been increased pulmonary fluid cellularity after CPB.
CONCLUSIONS: Leukocyte inflow is described in different clinical
pulmonary inflammatory condiitions, such as adult respiratory distress
syndrome. It is known that CPB is related to systemic and pulmonary
inflammation with increased number of cells after CPB and predo-
minance of macrophages.

Key Words: COMPLICATIONS: pulmonary inflammatory reaction;
SURGERY, Cardiac: cardiopulmonary bypass, revascularization
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INTRODUGAO

circulagdo extracorpdrea (CEC) esta entre os principais

fatores determinantes da sindrome de resposta inflama-
téria sistémica (SIRS) em cirurgia cardiaca, tendo sido de-
monstrado em modelo experimental ' que a CEC pode levar
a aumento na produgéo das citocinas IL-8, IL-10 e TNF-a. 2. As
evidéncias sugerem que a morbidade associada a ela é, em
parte, atribuida a reacéo inflamatéria sistémica ® e séo aceitos
como principais fatores desencadeadores em RM: o trauma
cirurgico, o contato sangliineo com a superficie ndo-endotelial
e filtros da CEC '*5, a les@o do tecido por reperfuséo, a endo-
toxemia por hipoperfuséo no territério arterial mesentérico.
Esses fatores desencadeiam uma ativagéo neutrofilica, que
libera grénulos citotdxicos no pds-operatorio.
O paciente submetido a tratamento cirdrgico de corona-
riopatia por meio da revascularizagdo do miocardio (RM) com
circulagéo extracorpérea (CEC) pode desenvolver SIRS de
intensidade varidvel com comprometimento da sua evolugéo
pds-operatoria 6. A incidéncia de sindrome de disfungéo mul-
tipla de 6rgdaos (SDMO) em RM com CEC pode chegar a
11% e este grupo apresenta mortalidade de 41% 7 imedia-
ta, levando a SIRS e a disfungdo orgénica é.
No intuito de avaliar a ativagdo celular no territério pulmonar
ap6s CEC, foi estudada a celularidade no lavado bronco-al-
veolar (LBA) em pacientes submetidos & cirurgia de revas-
cularizagdo do miocéardio com circulagéo extracorporea.

RELATO DOS CASOS

O projeto foi aprovado pela Comisséo Cientifica do Instituto
do Coracdo (InCor) e Comissdo de Etica para Andlise de
Projetos de Pesquisa — CAPPesq da Diretoria Clinica do
Hospital das Clinicas. Todos os pacientes receberam o Ter-
mo de Consentimento esclarecido durante a visita pré-
anestésica.

Foram estudados, prospectivamente, trés pacientes adultos
submetidos a RM com CEC. Os critérios de exclusao foram
tabagismo (ou ex-tabagistas por periodo menor que oito
semanas), presenca de doenca pulmonar obstrutiva croni-
ca (DPOC) ou doenca restritiva, presengca de pneumonia ou
neoplasia pulmonar, insuficiéncia cardiaca congestiva grau
> 3 da New York Heart Association. Também foram excluidos
aqueles que fizeram uso de antiinflamatério nao-hormonal
nos ultimos 30 dias antes da intervengéo cirdrgica, classifi-
cados como estado fisico ASA > IV ou escore de Higgins >
4 9, e aqueles com indice de massa corpérea > 35.

Todos os pacientes receberam como medicacédo preé-
anestésica midazolam (0,1 a 0,3 mg.kg™" — maximo 15 mg) 90
minutos antes da indugéo anestésica. Os pacientes foram
monitorizados com eletrocardiograma nas derivagdes D, e V5,
oximetro de pulso, presséo arterial invasiva e pressao veno-
sa central, P_,CO,, temperatura esofagica e diurese.

A inducéo anestésica foi realizada com midazolam (0,1 a
0,3 mg.kg™"), sufentanil (0,1 a 0,5 pg.kg™"), etomidato (0,15
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a 0,3 mg.kg"), atracurio (0,5 mg.kg'). Para a manutengéo
anestésica foram utilizadas doses adicionais de sufentanil,
isoflurano (0,5-1 CAM) e propofol (alvo 1 a 2,5 pg.mL™)
durante a CEC. Todos os pacientes receberam metilpred-
nisolona (30 mg.kg"' — maximo 1 g) por via venosa perifé-
rica. Apos a obtencéo de inconsciéncia foi realizada a
intubagéo orotraqueal com canula 7,5-8 e a ventilagdo me-
canica com sistema circular valvular (Cicero; Drager,
Libeck, Alemanha); exceto durante a CEC, o volume cor-
rente foi mantido entre 8 e 10 mL.kg™' com oxigénio e ar
numa propor¢ao de 50%. Imediatamente antes do des-
pincamento da aorta, foram realizadas trés a cinco
insuflagdes pulmonares a 40 cmH,O para facilitar a remo-
¢do de émbolos aéreos intracardiacos e para desfazer
atelectasias.

Todos os pacientes foram submetidos a CEC (Braile, Sao
José do Rio Preto, Brasil), foi utilizada como dose inicial
1.500 mL de cristaldide (Ringer com lactato) contendo 0,8
g.kg' de manitol e heparina. Nao foram adicionados sangue
e derivados. Antes da canulagéo da aorta ascendente e do
atrio direito, foi administrada heparina (500 Ul.kg™" por via
venosa). A perfusao foi mantida entre 2 e 4 L.min" durante
hipotermia moderada (temperatura esofagica entre 30° e
322 C) e com a utilizagdo de oxigenador de membrana e flu-
xo de rolete ndo-pulsétil. Foi mantida presséo arterial mé-
dia entre 45 e 65 mmHg durante a CEC. Todos os pacientes
receberam durante a saida de CEC, dobutamina (3 a 5
pg.kg'.min"") e nitroglicerina (10 yg.min'), quando necessa-
rio. A heparina residual foi neutralizada com protamina (1 mg)
para cada 100 Ul de heparina.

Foram coletadas duas amostras de LBA de cada paciente,
todas pelo mesmo anestesiologista, a primeira no inicio da
intervencéo cirurgica logo apos a intubacgéo traqueal, e a
segunda ao final do procedimento, apds a reversao da
anticoagulagdo com a protamina.

Por meio da canula traqueal, apds trés instilagdes com
lidocaina a 10% aerossol, foi introduzido o aparelho de bron-
cofibroscopia (Pentax- FB-15bs), com 4,8 mm de diametro
e 2 mm de canal. Durante o procedimento o paciente foi
ventilado com 100% de oxigénio. Foram utilizados de 60 a
100 mL de solugéo fisiologica a 0,9%, aquecida a 37° C, di-
vididos em aliquotas de 20 mL. Apds a injecdo pelo canal
do broncofibroscopio de 20 mL dessa solugéo, foi aspira-
do suavemente o LBA apds duas incursdes respiratérias do
ventilador Cicero. Caso o volume recuperado fosse suficien-
te, ndo eram injetadas as aliquotas da solugéo restante (40
mL). As amostras foram armazenadas em tubos de
polietileno para evitar a aderéncia de macrofagos, em tem-
peratura de 52 C até a coleta da segunda amostra. Apds a
coleta das amostras de cada paciente, os tubos foram le-
vados para processamento laboratorial.

Apds a centrifugacdo do material, foram coletados entre 50
e 100 pL de sobrenadante para dosagem das citocinas, e
o restante do material foi encaminhado para estudo da
celularidade. Todo o material liquido foi retirado com pipeta,
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Tabela | — Caracteristicas das Amostras de LBA

Volume Infundido (mL)

Volume Recuperado (%)

Tempo (min) *

Pré-CEC
Pés-CEC

67,69 + 17,39
69,23 + 19,35

35,00 + 13,84
43,23 + 22,58

CEC - circulagao extracorpérea
*Tempo apos 10T (Pré-CEC), tempo apés CEC (P6s-CEC)

Figura 1 — Celularidade no Lavado Bronco-Alveolar Pré-CEC

permanecendo no tubo o pellet, que foi misturado a 1 ou 2
mL de solucdo-tampédo PBS. Em um ependorf colocaram-
se 20 L da solugéo de células preparadas com 20 L de azul
de tripan (corante). O ependorf foi entdo homogeneizado no
agitador. O material (células e tripan) foi retirado com pipeta
e colocado na camara de Newbauer para contagem de cé-
lulas viaveis e nao viaveis. Considerou-se amostra adequa-
da quando pelo menos 30% das células fossem viaveis. O
calculo do nuimero de células foi entao feito pela seguinte
férmula:

Células.mL'= (E n° total de células contadas/n®
quadrantes contados) x vol PBS (mL) x 2 (dil tripan) x 10 “.

Para a contagem diferencial das células, utilizou-se o
citospin para confecgdo de laminas que foram analisadas
por microscopia Optica. Foram adicionados ao citospin 100
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Figura 2 — Celularidade no Lavado Bronco-alveolar Pés-CEC

pl de material diluido com PBS de tal forma que o material
final tivesse entre 1 e 1,5 . 10%cel.mL"". As laminas foram
coradas e fixadas para posterior leitura dos tipos celulares
e suas respectivas porcentagens. Foi feita analise descriti-
va das laminas.

Os dados referentes a coleta do LBA encontram-se na ta-
bela I.

A anadlise da celularidade foi realizada em trés pacientes e
evidenciou aumento do numero total de células, em média,
de 0,6.108 cel.dL" para 6,8.10° cel.dL". As figuras 1 e 2 des-
tacam o aumento de celularidade no LBA apds a CEC.

A tabela Il mostra a contagem diferencial para os trés paci-
entes. Nota-se um aumento na contagem de neutréfilos
apés a CEC com predominio de macréfagos em ambas as
laminas.
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Tabela Il — Distribuicao Diferencial das Células nas Trés Amostras de LBA

Momentos Neutrdfilos Macrofagos Linfécitos  Eosindfilos Células Nao- Células Total
(%) (%) (%) (%) Identificadas (%)  Endoteliais (%)
Paciente 1 Pré-CEC 0,8 91,4 3,0 0,1 0,6 4,0 100
P6s-CEC 4,7 87,2 3,2 0,4 0,5 4,0 100
Paciente 2 Pré-CEC 0,6 87 3,4 0,0 1,0 8,0 100
P6s-CEC 6,2 84,2 3,0 0,1 0,5 6,0 100
Paciente 3 Pré-CEC 0,5 89,8 3,6 0,0 0,1 6,0 100
P6s-CEC 5,3 83 3,0 0,0 0,7 8,0 100
Média + DP Pré-CEC 0,6 +0,2 89,4+ 2.2 3,3+0,3 0,1 +0,1 0,6 +0,5 6,0+2,0 100
P6s-CEC 53+ 0,8 84,8 +2.2 3,1+0,1 0,2+0,2 0,6 + 0,1 6,0+2,0 100
DISCUSSAO demonstrado apés a CEC '8 e a utilizagdo de aprotinina foi

A inflamacgao pode ser entendida como uma resposta de
protecdo contra as consequéncias de agressao aos tecidos,
disfunc@o organica e necrose celular '°, sendo um proces-
so sistémico que ocorre mesmo na auséncia de infecgéo
denominada sindrome da resposta inflamatéria sistémica
(SIRS) "'. Entretanto, se a SIRS evolui para disfungdo orga-
nica a resposta inflamatéria pode ser prejudicial © com al-
teragdes na fun¢do pulmonar, insuficiéncia renal, sindrome
de disfungéo de multiplos 6rgaos (SDMO) e choque ™.

A disfuncdo pulmonar pds-operatéria é frequente e contribui
para morbidade, mortalidade e custos associados a hos-
pitalizacdo '2. O entendimento das bases fisiopatolégicas
do desenvolvimento da disfungdo pulmonar pés-operatdria
é fundamental para a avaliagédo clinica da complicagédo pul-
monar apos intervencao cirurgica e na definicdo das abor-
dagens terapéuticas.

A patogénese da disfuncédo pulmonar pés-operatéria esté
associada a alteragdes na troca gasosa e na mecanica pul-
monar, sendo evidenciada pelo aumento do gradiente alvéo-
lo-arterial de oxigénio, aumento da permeabilidade vascular
pulmonar '3, aumento da resisténcia vascular pulmonar ',
aumento do shunt pulmonar '® e agregagéao intrapulmonar
de leucdcitos e plaquetas '©.

A presenca da resposta inflamatéria, localizada principal-
mente nos pulmdes, foi demonstrada pela primeira vez por
Massoudy e col.'® que demonstraram aumento de plaquetas
e leucécitos nas veias pulmonares de 20 pacientes subme-
tidos a RM com CEC. Apds o término da CEC, os pulmbes
séo o local de surgimento de reacdo inflamatéria de maior
intensidade porque o débito cardiaco seria direcionado em
sua totalidade para o leito vascular pulmonar, predispondo
a agregacao de plaquetas e leucdcitos durante a reperfuséo
pulmonar . A presenca de retengéo celular ou menor wash-
out leucocitario sugere a interagéo entre elementos celulares
e o endotélio vascular '®. A presenca de menor quantidade
de polimorfonucleares na veia pulmonar com relagéo a ar-
téria pulmonar p6s-CEC reflete a retencao de leucdcitos
ativados nos pulmdes ®. O aumento de leucdcitos CD11-b foi
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associada a reducgao desse tipo celular '°.

Um estudo em 80 pacientes submetidos a cirurgia de RM
com CEC demonstrou maior participagdo das interleucinas
IL6, IL8, TNF-o. no lavado bronco-alveolar e que a resposta
inflamatdria predomina no territério pulmonar com maior
concentracédo de neutrofilos pulmonares com relagdo ao
sangue periférico, sendo menos intensa sistemicamente 820,
A idéia do pulmao como importante fonte produtora de IL-8,
responsavel por aumento do influxo leucocitario apés CEC,
ja havia sido proposta por Jorens e col. ?'. Foi demonstrado
que os macrofagos alveolares tiveram ativacéo precoce e
maior producéo de citocinas que 0os mondcitos no sangue
periférico apés CEC 2.

Embora tenha sido relatada a predominéncia do aumento
de células e citocinas no LBA com relagéo ao sangue peri-
férico 8, a disfuncdo orgénica apés CEC é multifatorial, ten-
do sido demonstrada a producéo de citocinas por diversos
6rgaos incluindo o miocardio 2. Estudos recentes tém sido
feitos com o objetivo de estudar o papel dos neutréfilos na
patogénese da lesao de isquemia-reperfusao apés CEC
2425, Ha evidéncia de ativagdo pulmonar de neutrdfilos apds
CEC, como seqliestro cardiopulmonar de neutréfilos,
neutropenia circulante, liberacdo sistémica de conteudo
granular neutrofilico (elastase, lactoferrina), substancias
oxidativas e liberagcdo de proteases °.

A CEC promove aumento da expressdo de moléculas de
adesdo em neutrdfilos e células endoteliais levando a au-
mento na sua adesdo ao endotélio. Isso resulta em maior
permeabilidade endotelial e subseqlente acumulo de
neutréfilos no parénquima pulmonar levando a edemas
intersticial e parenquimatoso, com piora da oxigenagéo ar-
terial 22. Os neutrofilos que migram para essas areas sao
ativados, causando lesdo da arquitetura bronco-alveolar pela
liberagdo de radicais livres e enzimas lisossomais 2.
Inicialmente, a ativagdo do complemento e mediadores in-
flamatérios, devido a exposicédo do sangue a superficies néo-
fisiologicas, é seguida de aumento de receptores de adesao
leucocitaria '?7. As citocinas inflamatérias, como TNF-q,
interleucina 1B e endotoxina, induzem a sintese de moléculas
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de adeséo intercelular nas células endoteliais levando a au-
mento da adesao de neutréfilos nelas 2. Conseqlientemente,
os neutréfilos aderem a superficie endotelial e liberam altas
concentracdes de agentes toxicos, como mieloperoxidase,
elastase, radicais livres de oxigénio, incluindo anion supe-
réxido, perdxido de hidrogénio e radical hidroxila, que podem
ser a principal causa da disfungédo orgénica apés CEC 2931,
Os niveis de mediadores inflamatdérios incluindo IL-6,8 €
TNF-a. aumentam consideravelmente e alcangam o pico em
duas a quatro horas ap6és o término da CEC levando a ati-
vacdo de moléculas de adesao celular. Aumentos foram de-
tectados para CD62 e CD41 em plaquetas e CD11b em
monocitos e neutrdfilos polimorfonucleares . A co-agregacao
entre plaquetas e polimorfonucleares também é aumen-
tada ', como demonstrado pela adeséo de plaquetas-CD41
nos mondcitos e polimorfonucleares.

O influxo leucocitario é descrito em diversas condi¢des cli-
nicas pulmonares inflamatérias, como na sindrome da an-
gustia respiratdria do adulto (SARA) *. Sabe-se que a CEC
esta relacionada com inflamagdes sistémica e pulmonar e
seria esperado um aumento da celularidade do LBA apds
CEC. No LBA desses trés pacientes observou-se aumento
do numero de células ap6s a CEC ocorrendo o predominio
de macrofagos. Em geral, o fluido pulmonar normal contém
leucdcitos alveolares que sdo predominantemente macro-
fagos e constituem 90% das células.

O pulmao foi identificado como o principal érgao perpetuador
desse processo inflamatorio 6. O fluxo nao-pulsatil da CEC
causa isquemia pulmonar, iniciando a producgéo local de
mediadores inflamatérios e, conseqiientemente, as altera-
¢coes pulmonares que podem dar origem a SDMO no poés-
operatério de RM.

O estudo das alteragbes da celularidade pulmonar em pacien-
tes submetidos a CEC é fundamental, visto que os pulmoes
sao considerados como fonte de citocinas pré-inflamatérias,
provavelmente devido ao regime de relativa isquemia duran-
te a CEC com oferta inadequada de sangue para o epitélio
alveolar, ficando a oxigenagao pulmonar dependente apenas
do fluxo nao-pulsatil proveniente das artérias brénquicas '®
e resultando em sintese inadequada de surfactante pelos
pneumdocitos tipo Il 3. Durante a CEC e o pingamento aértico,
0 coragdo e os pulmdes sao excluidos da circulagéo, e apds
a reperfusao ocorre uma resposta cardiaca inflamatéria
como evidenciado pela liberagéo transcardiaca de interleu-
cinas, ativacdo de moléculas de adesédo *, aumento da
reatividade da microvasculatura pulmonar em modelo ani-
mal * e humano associado a aumento da producéo de
tromboxano A-2 e do gradiente alvéolo-arterial de oxigénio % .
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A reacéo inflamatoria sistémica esta relacionada com a pre-
senca de atelectasia, sendo esta a principal causa de
hipoxemia apds a CEC 3 com shunt intrapulmonar de 25% do
débito cardiaco . A presenca de atelectasias esta associa-
da a reacdo inflamatdria levando a producédo de citocinas
por macréfagos alveolares e a inflamagao de pequenas
vias aéreas “°. Nos pacientes descritos, as manobras de re-
crutamento foram realizadas para desfazer atelectasias e,
consequentemente, diminuir sua influéncia na reacéo infla-
matéria com aumento da celularidade.

O reconhecimento da reacgédo inflamatéria e o entendimento
de sua fisiopatologia deve ser o primeiro passo para o desen-
volvimento de estratégias com o objetivo de diminuir os efei-
tos da resposta sistémica, definir quais os pacientes que se
beneficiam e que tratamentos devem ser utilizados em cada
caso. Atualmente tem sido discutido o uso de circuitos
heparizinados, de aprotinina, de técnicas de RM sem CEC, de
leucodeplecao, de corticosterdides, de filtros leucocitarios, de
anticorpos monoclonais anti-C5. Sao necessarios estudos
controlados para definir os efeitos dessas estratégias na
sobrevida de pacientes submetidos a cirurgia cardiaca.

A melhora da biocompatibilidade do circuito de extracorpdrea
com o objetivo de reduzir a ativagao do sistema imunoldgico
pode limitar a resposta inflamatéria. A utilizacdo de materiais
biocompativeis e o uso de circuitos cobertos por heparina
(CCH) tém sido relacionados com a redugao do tempo de
UTI em pacientes com alto risco. Em pacientes com baixo ris-
co, os beneficios dos CCH néo foram definidos. Os circuitos
heparinizados reduzem a reacgéo inflamatéria e a disfungéo
hemostatica, diminuindo os indices de disfungdes renal, neu-
rolégica e miocardica *'. A utilizagdo de circuitos reduzidos
com menor volume de primming, a auséncia de reservatorio
venoso esta associada a reducdo da liberagéo de citocinas,
da ativagdo neutrofilica e plaquetaria 2. Circuitos recobertos
com Poly (2-methoxyethylacrylato) foram relacionados com
menor reagdo inflamatdria “.

Ainda é necessario o estabelecimento de ligagdes causais
diretas entre a resposta inflamatéria apos cirurgia ou CEC,
alteracgdes na fisiologia pulmonar durante a cirurgia de RM
com CEC e a evolugéo clinica dos pacientes. Intervencées
terapéuticas néo se justificam na auséncia de uma relagédo
clara entre causa e efeito .

O aumento da celularidade pode ter um papel importante na
perpetuacao do processo inflamatdério no pds-operatorio.
Ainda sao necessarios mais estudos com maior numero de
pacientes para o melhor entendimento do processo da SIRS
em cirurgia cardiaca e possivel redu¢édo de complicacbes
pulmonares em pacientes submetidos a CEC e possiveis
modificagbes na sobrevida de curto e médio prazos.
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INTRODUCTION

Cardiopulmonary bypass (CPB) is among the primary factors
determining Systemic Inflammatory Response Syndrome
(SIRS) during cardiac procedures and an experimental model '
has shown that CPB may increase IL-8, IL-10 and TNF-o 2
cytokine production. Evidences suggest that CPB-associated
morbidity is partly attributed to systemic inflammatory reaction 3
and major triggering factors during MR are: surgical trauma,
blood contact with non-endothelial surface and CPB filters 45,
tissue reperfusion injuries, and hypoperfusion endotoxemia in
the arterial mesenteric territory. These factors trigger neutro-
phils activation releasing postoperative cytotoxic granules.
Patients submitted to myocardial revascularization (MR) with
cardiopulmonary bypass (CPB) may develop SIRS of different
intensities impairing their postoperative evolution . The inci-
dence of multiorgan failure syndrome (MOFS) during MR with
CPB may reach 11% with 41% immediate mortality rate 7,
leading to SIRS and organ failure 2.

This study aimed at evaluating post-CPB lung cell activation
by investigating broncho-alveolar lavage (BAL) cellularity in
patients submitted to myocardial revascularization with
cardiopulmonary bypass.

CASE REPORTS

The project was approved by the Scientific Committee, Ins-
tituto do Coracao (InCor) and the Ethical Committee for
Research Project Analysis — CAPPesq, Clinical Board, Hos-
pital das Clinicas. All patients gave their informed consent
during pre-anesthetic evaluation.

Participated in this prospective study three adult patients
submitted to MR with CPB. Exclusion criteria were smoking
(or former-smokers for less than 8 weeks), chronic obstruc-
tive pulmonary disease (COPD) or restrictive disease, pneu-
monia or lung neoplasia, congestive heart failure level > 3 of
the New York Heart Association, in addition to those under
NSAIDs in the last 30 days before surgery and classified as
physical status ASA > IV or Higgins score > 4 ° and those
with body mass index > 35.

All patients were premedicated with midazolam (0.1 to 0.3
mg.kg' — maximum 15 mg) 90 minutes before anesthetic in-
duction. Patients were monitored with ECG at D, and V5 leads,
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pulse oximetry, invasive blood pressure and central venous
pressure, P_CO,, esophageal temperature and diuresis.
Anesthesia was induced with midazolam (0.1 to 0.3 mg.kg™),
sufentanil (0.1 to 0.5 pg.kg™), etomidate (0.15 to 0.3 mg.kg™)
and atracurium (0.5 mg.kg"). Anesthesia was maintained with
additional sufentanil, isoflurane (0.5 — 1 MAC) and propofol
(target 1 to 2.5 ug.mL™") during CPB. All patients received
peripheral intravenous methylprednisolone (30 mg.kg™" —
maximum 1 g).Tracheal intubation with 7.5 — 8 tube was
achieved after unconsciousness and mechanical ventilation
was installed with valve circle system (Cicero; Drager, Libek,
Germany) and 50% oxygen and air. Lungs were inflated
three times immediately before aortic unclamping to help
removing intracardiac air embolus and to undo atelectasis.
All patients were submitted to CPB (Braile, Sdo José do Rio
Preto, Brazil) with initial dose of 1500 mL crystalloids
(lactated Ringer’s) containing 0.8 g.kg' manitol and heparin.
No blood or blood products were added. Intravenous heparin
(500 Ul.kg") was administered before ascending aorta and
right atrium catheterization. Perfusion was maintained
between 2 and 4 L.min"' during moderate hypothermia
(esophageal temperature between 30° and 32° C). with the
aid of membrane oxygenator and non-pulsatile flow. Mean
blood pressure was maintained between 45 and 65 mmHg
during CPB. At CPB weaning, all patients received dobuta-
mine (3 to 5 pug.kg'.min") and nitroglycerine (10 ug.min-')
when needed. Residual heparin was neutralized with 1 mg
protamine for each 100 Ul heparin.

Two BAL samples were collected from each patient, all by
the same anesthesiologist, the first at beginning of proce-
dure immediately after tracheal intubation and the second at
end of the procedure after anticoagulation reversion with
protamine.

After three instillations of 10% spray lidocaine, bronchofi-
broscope (Pentax — FB — 15 bs) with 4.8 cm diameter and 2
mm channel was introduced through the tracheal tube.
Patients were ventilated during the procedure with 100%
oxygen. 60 to 100 mL of 0.9% saline solution warmed at 37°
C were used, divided in 20 mL quotes. After injection of 20
mL of this solution through the bronchofibroscope tube, BAL
was smoothly aspired after two respiratory incursions of the
Cicero ventilator. If recovered volume was enough, the
remaining 40 mL of the solution were not injected. Samples
were stored in polyethylene tubes to prevent macrophages
adherence, in 5° C, until second sample collection. After
collection, tubes were referred to laboratorial processing.
After material centrifugation, 50 to 100 uL supernatant were
collected for cytokine dosage and remaining material was
referred to cellularity investigation. All fluid material was
removed with pipette and the tube remained with the pellet,
which was mixed to 1 or 2 mL of PBS buffer solution. An
ependorf received 20 uL of cell solution prepared with 20 uL
trypan blue. Ependorf was then homogenized in the agitator.
The material (cells and trypan) was removed with pipette
and placed in the Newbauer chamber for viable and unviable
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cell count. Sample was considered viable with at least 30%
of cells were viable. The following formula was used to
calculate the number of cells:

Cells.mL" = (E total number of counted cells / number of
counted quadrants) x vol PBS (mL) x 2 (dil trypan) x 10%.

Samples analyzed under optical microscopy were prepared
with citospin for differential cell count. 100 pl of material
diluted with PBS were added to citospin so that final mate-
rial would have 1 to 1.5 . 108 cel.mL"'. They were stained and

Table | — Characteristics of BAL Samples

fixed for future reading of cell types and their respective
percentages. Descriptive dishes analysis was performed.
BAL data are shown in table |I.

Cellularity was analyzed in three patients and has revealed
increased total number of cells, in average from de 0.6 x 10°
cel.dL" to 6.8 x 108 cel.dL". Figures 1 and 2 show increased
BAL cellularity after CPB.

Table Il shows differential count for the three patients. There
is increased neutrophil count after CPB with predominance
of macrophages in both samples.

Infused Volume (mL) Recovered Volume (%) Time (min) *
Pre-CPB 67.69 + 17.39 29.77 35.00 + 13.84
Post-CPB 69.23 + 19.35 25.1 43.23 + 22.58

CPB - Cardiopulmonary bypass
* time after Tl (Pre-CPB), time after CPB (Post-CPB)

Figure 1 — Pre-CPB Broncho-Alveolar Lavage Cellularity

Table Il — Differential Cells Distribution in Three BAL Samples

Figure 2 — Post-CPB Broncho-Alveolar Lavage Cellularity

Moments Neutrophils  Macrophages Lymphocytes Eosinophils Unidentified Endothelial Total
(%) (%) (%) (%) Cells (%) Cells (%)

Patient 1 Pre-CPB 0.8 91.4 3.0 0.1 0.6 4.0 100
Post-CPB 4.7 87.2 3.2 0.4 0.5 4.0 100
Patient 2 Pre-CPB 0.6 87 34 0.0 1.0 8.0 100
Post-CPB 6.2 84.2 3.0 0.1 0.5 6.0 100
Patient 3 Pre-CPB 0.5 89.8 3.6 0.0 0.1 6.0 100
Post-CPB 5.3 83 3.0 0.0 0.7 8.0 100
Mean = SD Pre-CPB 06+0.2 894 +22 33+0.3 0.1+ 0.1 06+0.5 6.0+2.0 100
Post-CPB 53+ 0.8 848 +22 3.1+0.1 02+0.2 0.6 +0.1 6.0+2.0 100

Revista Brasileira de Anestesiologia 269

Vol. 56, N¢ 3, Maio-Junho, 2006



MACHADO, SANTOS, NEGRI ET AL.

DISCUSSION

Inflammation may be understood as a protective response
against the consequences of tissue aggression, organ dys-
function and cell necrosis '°, being a systemic process pre-
sent even in the absence of systemic inflammatory response
syndrome (SIRS) ''. However, if SIRS evolves to organ
dysfunction, the inflammatory response may be noxious '
with pulmonary function changes, renal failure, multiorgan
failure syndrome (MOFS) and shock .

Postoperative pulmonary dysfunction is frequent and con-
tributes to morbidity, mortality and hospitalization-related
costs 2. The understanding of postoperative pulmonary
dysfunction pathophysiology is critical for postoperative
clinical pulmonary complication evaluation and the definition
of therapeutic regimens.

Postoperative pulmonary dysfunction pathogenesis is asso-
ciated to changes in gas exchange and pulmonary mecha-
nics, being evidenced by increased oxygen alveolar-arterial
gradient, increased pulmonary vascular permeability '3,
increased pulmonary vascular resistance ', increased pul-
monary shunt '®* and intrapulmonary aggregation of leuco-
cytes and platelets .

The presence of localized inflammatory response, especially
in lungs, has been firstly shown by Massoudy et al.'® who
have shown increased platelets and leucocytes in pulmonary
veins of 20 patients submitted to MR with CPB. After CPB,
lungs present more severe inflammatory response because
cardiac output is totally directed to pulmonary vascular bed
predisposing to platelet and leukocyte aggregation during
pulmonary reperfusion 7. The presence of cell retention or
lower leukocyte washout suggests the interaction of cell ele-
ments with vascular endothelium '®. The presence of less
post-CPB polymorphonuclears in the pulmonary vein as
compared to the pulmonary artery reflects the retention of
leukocytes activated in the lungs . Increased CD11-b leuko-
cytes has been observed after CPB '® and aprotinin is
associated to reduction of this cell type .

A study with 80 patients submitted to MR with CPB has
shown further participation of interleukins IL6, IL8, TNF-co in
broncho-alveolar lavage and that inflammatory response
predominates in pulmonary territory with higher pulmonary
neutrophil concentrations as compared to peripheral blood,
being systemically less severe 2. The idea of the lung as
major IL-8 producer, responsible for increased post-CPB
leukocyte inflow has been proposed by Jorens et al. ?'. It has
been shown that alveolar macrophages had early activation
and higher cytokine production as compared to monocytes
in the peripheral blood after CPB 2.

Although the predominance of cell and cytokine increase in
BAL as compared to peripheral blood has been reported 8,
post-CPB organ dysfunction is multifactorial and cytokine pro-
duction has been shown in several organs, including myocar-
dium 2. Recent studies have evaluated the role of neutrophils
in the pathogenesis of post-CPB ischemia-reperfusion in-
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jury 2425 There are evidences of pulmonary neutrophils acti-
vation after CPB with cardiopulmonary scavenging of neu-
trophils, circulating neutropenia, systemic release of
neutrophilic granular content (elastase, lactoferrin), oxidizing
substances and protease release °.

CPB increases adhesion molecules expression in neutrophils
and endothelial cells, leading to increased endothelial neutro-
phil adhesion. This results in higher endothelial permeability
and subsequent build-up of neutrophils in the pulmonary paren-
chyma, leading to interstitial and parenchymatous edema
with arterial oxygenation worsening 2. Neutrophils migrating
to these areas are activated and injure broncho-alveolar
structure by free radicals and lysosomal enzymes release 2.
Initially, the activation of inflammatory complement and me-
diators due to blood exposure to non-physiological surfaces
is followed by increased leukocyte adhesion receptors 27,
Inflammatory cytokines, such as TNF-q, interleukin 1B and
endotoxin induce intercellular adhesion molecules synthesis
in endothelial cells leading to increased neutrophils adhe-
sion to them 2,

As a consequence, neutrophils adhere to the endothelial
surface and release high toxic agents concentrations, such
as myeloperoxidase, elastase, oxygen free radicals, inclu-
ding superoxide anion, hydrogen peroxide and hydroxyl radical,
which may be the primary cause of post-CPB organ dysfunc-
tion 231, The levels of inflammatory mediators, including IL-
6,8 and TNF-a, are considerably increased and peak within 2
to 4 hours after CPB, leading to the activation of cell adhesion
molecules. Increases in CD62 and CD41 were detected in
platelets, and of CD11b in monocytes and polymorphonu-
clears . The co-aggregation of platelets and polymorpho-
nuclears is also increased 3! as shown by the adhesion of
CD-41 platelets to monocytes and polymorphonuclears.
Leukocytes inflow is described in different clinical pulmonary
inflammatory conditions, such as adult respiratory distress
syndrome (ARDS) %. It is known that CPB is related to syste-
mic and pulmonary inflammation and increased BAL cel-
lularity after CPB would be expected. BAL of these three
patients has shown increased number of cells after CPB with
predominance of macrophages. In general, normal pulmo-
nary fluid contains alveolar leukocytes which are predo-
minantly macrophages and make up 90% of cells.

Lungs were identified as major organs perpetuating this
inflammatory process '®3%. Non-pulsatile CPB flow promotes
pulmonary ischemia starting local production of inflammatory
mediators and, as a consequence, pulmonary changes
which may cause MOFS in the postoperative period of MR.
The study of pulmonary cellularity changes in CPB patients
is critical since lungs are considered sources of pro-inflam-
matory cytokines, probably due to the regimen of relative
ischemia during CPB with inadequate blood supply to the
alveolar epithelium, being pulmonary oxygenation solely
dependent on the non-pulsatile flow coming from bronchial
arteries '® and resulting in inadequate surfactant synthesis
by pneumocytes type Il *. During CPB and aortic cross-
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clamping, heart and lungs are excluded from circulation, and
after reperfusion there is cardiac inflammatory response as
shown by transcardiac interleukins release, activation of
adhesion molecules %, increased pulmonary microvascu-
lature reactivity in animal * and human model, associated to
increased thromboxane A-2 and oxygen alveolar-arterial
gradient production ¥.

Systemic inflammatory reaction is related to atelectasis, which
is the primary cause of post-CPB hypoxemia * with intrapul-
monary shunt of 25% cardiac output 3. The presence of
atelectasis is associated to inflammatory reaction leading to
cytokine production by alveolar macrophages and inflamma-
tion of small airways “. In our patients, recruiting maneuvers
were performed to undo atelectasis and consequently de-
crease its influence on inflammatory reaction with increased
cellularity.

The identification of the inflammatory response and the un-
derstanding of its pathophysiology should be the first step for
the development of strategies to decrease the effects of
systemic response and to define which patients benefit and
which treatment should be used in each case. Currently, the use
of heparin-coated circuits, aprotinin, MR techniques without
CPB, leukodepletion, steroids, leukocyte filters, and anti C5
monoclonal antibodies has been discussed. Controlled
studies are needed to define the effects of such strategies
on the survival of patients submitted to cardiac procedures.
Improved biocompatibility of CPB circuit aiming at decreasing
immune system activation may limit inflammatory response.
The use of biocompatible materials and heparin-coated cir-
cuits (HCC) has been related to decreased ICU stay in high-
risk patients. In low-risk patients, HCC benefits are to be
defined. Heparin-coated circuits decrease inflammatory
reaction and hemostatic dysfunction, minimizing renal, neu-
rological and myocardial dysfunction rates *'. Reduced circuits
with less priming volume and the lack of venous reservoir are
associated to decreased cytokine release, neutrophil and
platelet activation “2. Poly-coated circuits (2-methoxyethy-
lacrylate) have been related to lower inflammatory reaction “.
It is still necessary to establish direct causal links between
postoperative or post-CPB inflammatory response, physio-
logical pulmonary changes during MR with CPB and patients’
clinical evolution. Therapeutic regimens are not justified in
the absence of a clear cause-effect ratio .

Increased cellularity may be important for postoperative
inflammatory process perpetuation. Further studies with a
higher number of patients are still needed to better under-
stand SIRS in cardiac procedures and possible decrease in
pulmonary complications of CPB patients, in addition to
changes in short and medium-term survival.
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RESUMEN

Machado LB, Santos LM, Negri EM, Malbouisson LMS, Auler Jr JOC,
Carmona MJC — Andlisis de la Celularidad del Lavado Bronco-Alveolar
en Pacientes Sometidos a Revascularizacion del Miocardio con
Circulacion Extracorpdrea. Relato de Tres Casos.

JUSTIFICATIVA Y OBJETIVOS: La circulacion extracorpdrea (CEC)
es uno de los principales determinantes de la respuesta inflamatoria
sistémica (SIRS) en cirugia cardiaca. Quedd demostrado en mo-
delo experimental que la CEC puede llevar a un aumento en la
produccion de las citocinas. Con el objetivo de evaluar la activacion
celular en el pulmon después del CEC, se estudid la celularidad
en el lavado bronco-alveolar (LBA) en pacientes sometidos a la
cirugia de revascularizacion del miocardio (RM) con CEC.

RELATO DE LOS CASOS: Se estudiaron, como sondeo, tres pacien-
tes adultos sometidos a la RM con CEC. Después de la induccion
de anestesia general e intubacion traqueal, la ventilacion mecanica
se realizo con sistema circular valvular; excepto durante la CEC,
el volumen corriente se mantuvo entre 8 y 10 mL.kg' con O, y aire,
en una proporcion de 50%. Antes del despinzamiento de la aorta,
se realizaron insuflaciones pulmonares con presion de 40 cmH,O
y recolectadas dos muestras de LBA de cada paciente, al comienzo
de la intervencion quirdrgica y al final del procedimiento, después
de la reversion de la anticoagulacion. Después de la infusion de
60 mL de solucion fisiolégica a 0,9% por el canal del broncofibros-
copio, se aspird el LBA, siendo el material enviado al laboratorio.
El andlisis mostré un aumento del numero total de células, como
promedio, de 0,6.10° cél.dL™" para 6,8.10° cél.dL’ con aumento de
neultrdfilos de 0,8% para 4,7%; 0,6% para 6,2% y 0,5% para 5,3%
en cada paciente, respectivamente. Se observo en la lamina el au-
mento de celularidad en el fluido pulmonar después de la CEC.

CONCLUSIONES: El influjo de leucocitos se describe en diversas
condiciones clinicas pulmonares inflamatorias como en el sin-
drome de la angustia respiratoria del adulto. Se conoce que la CEC
estd relacionada con la inflamacion sistémica y pulmonar, de-
mostrando aumento del numero de células después de la CEC con
el predominio de macrdfagos.
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