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Summary: Machado LB, Negri EM, Bonafé WW, Santos LM, Malbouisson LMS, Carmona MJC — Evaluation of Cytokine Levels and Pulmonary
Function in Patients Undergoing Coronary Artery Bypass Grafts.

Background and objectives: Systemic inflammatory response syndrome is commonly observed in coronary artery bypass grafts (CABG) with
cardiopulmonary bypass (CB). The objective of this study was to evaluate the systemic and pulmonary levels of cytokines and their correlation
with lung function in patients undergoing myocardial revascularization (MR) with CB.

Methods: This study was approved by the Institutional Ethics Committee, and 13 patients undergoing MR with CB were evaluated. After anesthe-
tic induction and at the end of CB, plasma and bronchoalveolar lavage levels of IL-1, IL-6, IL-8, IL-10, and TNF-a were determined. The duration
of CB and surgery, PaO,/FiO, ratio, alveolar-arterial oxygen gradient (A-a gradient), shunt, and lung compliance were evaluated. Results were
submitted to analysis of variance for repeated measurements (*p < 0.05) and Spearman’s correlation coefficient.

Results: We observed increased levels of cytokines in plasma and bronchoalveolar lavage after CB and a direct relationship between the incre-
ase in IL-1B and decrease in lung compliance (p = 0.0439), as well as the inverse relationship between the increase in IL-10 and a decrease in
compliance (p = 0.0325). The increase in IL-6 was directly related to the duration of CB (p = 0.012), while the increase in IL-8 was directly related
to the duration of surgery (p < 0.0001). Levels of interleukin-1p, IL-8, and TNF-a in bronchoalveolar lavage were higher than in plasma.

Conclusions: There is an increase in cytokine levels in plasma and bronchoalveolar lavage after CB, as well as a correlation between increased
cytokine levels and CB duration and surgery and changes in lung compliance.
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INTRODUCTION

Patients undergoing surgical treatment for coronary disease
by myocardial revascularization (MR) with cardiopulmonary
bypass (CB) invariably develop an inflammatory process of
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varying severity that may compromise postoperative evolu-
tion *. According to Kollef et al. 2, the incidence of multiple or-
gan dysfunction syndrome (MODS) in MR with CB may reach
11%, and this group presents a mortality rate of about 41%.

Inflammation may be understood as a protective response
to eliminate the initial cause of cellular injury (bacteria, toxins,
trauma, etc.), as well as the main consequence of such injury:
cellular and tissue necrosis 3. The inflammatory response con-
sists of a systemic process that develops even in the absen-
ce of infection, and is best known as systemic inflammatory
response syndrome (SIRS) 4. Due to its multifactorial charac-
ter, some prefer to use the terminology PIRO (predisposition,
insult or infection, response, organ dysfunction) instead of
SIRS 5. In the absence of an inflammatory process, one would
expect the spread of infection, lack of wound healing, and the
damaged organ would lose its function permanently; however,
depending on the intensity of the inflammatory process, it is
potentially harmful 3.

To clinically identify the patient with SIRS, the presence
of at least two of the following criteria has been used: tachy-
cardia with HR > 90 bpm, tachypnea with RR > 20 ipm or
volume > 10 L.min"', or PaCO, < 32 mmHg, hypothermia or

275


https://core.ac.uk/display/82168834?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/4.0/

MACHADO, NEGRI, BONAFE ET AL.

hyperthermia (Temp < 35.5°C or > 38°C), and leukocytosis or
leucopenia (WBC > 12,000 or < 4,000.dL"") 467,

Systemic inflammatory response syndrome may progress
to organ dysfunction, especially with changes in pulmonary
function, shock, renal failure, and MODS 4.

Although CB is among the main risk factors for SIRS in
coronary artery bypass grafts (CABG), its etiology and clinical
importance after CABG are still poorly understood, and the
development of a clinical and laboratorial method to quan-
tify the intensity (diagnosis), to predict which organs will be
more affected (clinical correlation), and the establishment of
the correct treatment are still a challenge 6. The relationship
between the severity of SIRS and target organ injury is yet
to be established 8. In his study, Brix-Christensen found no
relationship between the plasma levels of cytokines and the
expression of messenger RNA corresponding to this cytokine
in the lungs, kidneys, and heart °.

In the lungs during CB tissue perfusion is done only by
the non-pulsatile flow from bronchial arteries, and after CB
the process of ischemia-reperfusion is observed. Those chan-
ges in pulmonary physiology trigger the local production of
inflammatory mediators characterizing the lung as the main
organ responsible for perpetuating this process 912, indica-
ting the possibility of correlation between postoperative pul-
monary function and MODS in CABG.

The objectives of the present study was to evaluate the
changes in blood and bronchoalveolar lavage (BAL) levels of
cytokines in patients undergoing myocardial revasculariza-
tion with CB and the correlation with the duration of CB and
changes in pulmonary function observed in the postoperative
period.

METHOD

After approval of the study by the Institutional Ethics Com-
mittee and signing of the informed consent, 13 patients who
were scheduled for elective myocardial revascularization
were enrolled. Patients with a recent history of smoking
(abstinence period lower than six weeks), chronic obstruc-
tive pulmonary disease (COPD), pulmonary infection or
pulmonary neoplasia, class 4 CHF (NYHA) or EF < 40%,
creatinine > 1.3 mg.dL", liver failure, presence of radiologic
pulmonary changes, and obesity (BMI > 35), were excluded.
Patients who took steroidal anti-inflammatories in the last 30
days prior to surgery, patients classified as ASA > P4, or
with moderate or higher risk for surgery, according to Hig-
gins et al. '3, were also excluded. Surgery without CB was
another exclusion criterion.

Patients were fasted for at least 8 hours. Oral midazolam,
0.1 to 0.3 mg.kg' (maximum of 15 mg), was given 30 min-
utes before surgery. Upon admission to the operating room
patients were monitored with pulse oximeter and continuous
5-lead electrocardiogram evaluating the derivations D, and V.
After local anesthesia of the vascular puncture sites, periphe-
ral venipuncture was performed with a 16G or 14G catheter,
and percutaneous radial artery puncture was performed with
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a 20G catheter for monitoring of invasive blood pressure. Pa-
tients received 1 g of intravenous methylprednisolone. All pa-
tients underwent the same anesthetic technique and after pre-
oxygenation for 3 minutes general anesthesia was induced
with midazolam 0.1 to 0.3 mg.kg™', sufentanil 0.1 to 0.5 ug.kg",
and etomidate 0.15 to 0.30 mg.kg™'. Atracurium 0.5 mg.kg™
was used for muscle relaxation. Patients were then ventilated
with a face mask with 100% O,, and after complete effect of
the neuromuscular blocker, tracheal intubation was performed
with an ET tube of adequate caliber. After lung auscultation
and P;CO, monitoring by the sidestream method, controlled
mechanical ventilation cycled by volume was instituted (Cicero,
Drager, Germany) with a volume of 6 to 8 mL.kg", respiratory
rate 12 bpm (later guided by Pc;CO,), limited to a pressure of
25 cmH,0, flow of 2 L.min", I:E = 1:2, FiO, of 50% (oxygen
and compressed air), and PEPP of 5 cmH,0.

After tracheal intubation, the right internal jugular vein was
punctured and the central venous catheter was introduced.
After fixing the central venous catheter, the monitoring pro-
cess also included dieresis and nasopharyngeal temperature.
Anesthesia was maintained with fractioned doses of sufenta-
nil, 10 ug every 30 minutes, associated with isoflurane 0.5 to
1.0 MAC (expired fraction monitored by the respirator Cicero,
Drager, Germany). During CB, patients were maintained un-
conscious with target-controlled infusion of propofol in order to
maintain a target-concentration of 1.0 to 2.5 ng.mL"". Warmed
Ringer’s lactate was used for hydration.

After full anti-coagulation with heparin, patients were
placed in CB with membrane oxygenator (Braile, Sdo José do
Rio Preto, Brazil) with non-pulsatile flow. The initial CB flow
was obtained by calculating 2.2 times the body surface and,
afterwards, titrated to maintain a blood pressure of at least
60 mmHg. Ringer’s lactate 1,500 mL, mannitol 250 mL, and
heparin 10,000 units were used as perfusate. The duration
of CB was evaluated and, at the end of the surgery, variable
doses of vasodilators and/or inotropics were introduced ac-
cording to clinical indication.

Two samples of BAL were collected from each patient, all
performed by the same anesthesiologist. The first one was
collected immediately after tracheal intubation (Pre-CB) and
the second at the end of the procedure immediately after re-
version of anticoagulation with protamine (Post-CB). The de-
vice was introduced in the middle lobe or lingula of the left
lung due to the higher percentage recovery of lavage in these
regions 4. Through the orotracheal tube, after applying 10%
spray of lidocaine three times, the fiberoptic bronchoscope
(Pentax- FB-15bs) with 4.8 mm diameter and 2 mm canal was
introduced. During the procedure, patients were ventilated
with 100% oxygen. Sixty to 100 mL of 0.9% saline warmed
to 37°C and divided in 20 mL aliquots were used. After infu-
sion of 60 mL saline solution through the canal of fiberoptic
bronchoscope, it was aspirated manually using a syringe af-
ter respiratory incursions from the ventilator. If the recovered
volume was enough, the remaining aliquots (40 mL) were not
infused. Samples were stored in polyethylene tubes, to avoid
macrophage adherence to the glass, at 5°C until the second
sample collection (mean time 120 minutes). After collecting
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samples, the tubes were sent for laboratorial processing.

At the time of BAL collection, blood samples were also col-
lected through the arterial catheter to determine the plasma
levels of cytokines. Samples were stored at 5°C until the end
of surgery and subsequently sent to the clinical laboratory.
The material was centrifuged at 3,000 rpm for 10 minutes at a
temperature of 10°C. The supernatant (BAL) was pipetted. Al-
iquots were stored at -25°C to be analyzed later. After all ma-
terials were collected, they were thawed in room temperature.
To determine the levels of cytokines, a semi-automated and
immunometric system using specific antibodies and chemilu-
minescent enzyme (IMMULITE; DPC-Medlab, Las Angeles,
CA) was used.

Blood samples for levels of hemoglobin, hematocrit, arte-
rial and venous blood gases were collected after anesthetic
induction, at the end of surgery, one hour after the end of sur-
gery, three and six hours after surgery, and in the first postop-
erative day. The results were used to calculate the following
parameters:

- The relationship between the partial pressure of oxy-
gen and inspired fraction of oxygen: obtained directly
by the relationship PaO,/FiO,, considering normal val-
ues above 200.

- Alveolar-arterial gradient of oxygen (A-aO,): calcu-
lated by the difference between the alveolar oxygen
pressure and arterial oxygen pressure. The formu-
la PAO, = [(BP - PH,0) x FiO,] — PaCO,, in which
PAO, = alveolar oxygen pressure, PaO, = arterial
oxygen pressure, BP = barometric pressure, PH,O =
water vapor pressure, FiO, = inspired oxygen pres-
sure, and PaCO, = arterial CO, pressure was used
to calculate the alveolar oxygen pressure (PAO,). As
normal levels for A-a0O,, we considered the values of
10 to 15 mmHg for a FiO, of 21% and 10 to 65 mmHg
for a FiO, of 100%.

- Pulmonary shunt: Shunt was calculated using the for-
mula (CcO, — Ca0,)/(CcO, — CvO,), in which CcO,
represents capillary oxygen content, CaO, arterial ox-
ygen content, and CvO, venous oxygen content. The
capillary oxygen content was calculated by the follow-
ing formula [(Hb x 1.34) + (PAO, x 0,0031)}, in which
Hb is the hemoglobin level (g.dL") and PAO; is the
alveolar oxygen pressure. The arterial oxygen content
(Ca0,) was calculated with the following formula: [(1.3
4 x Hb x Sa0,/100) + (PaO, x 0.0031)], in which SaO,
represents the arterial oxygen saturation and PaO,
the arterial oxygen pressure. The venous oxygen con-
tent (CvO,) was calculated with the following formula:
[(1.34 x Hb x SvO,/100) + (PvO, x 0.0031)], in which
SvO, represents the venous oxygen saturation and
PvO, the venous oxygen pressure. Pulmonary shunts of
3% to 5% were considered normal.

Dynamic lung compliance (tidal volume/peak pressure)
was also investigated 5. This parameter was evaluated in the
beginning and at the end of surgery, and 1 hour and 3 hours
after surgery.

Variations in cytokine levels (V%IL) were calculated as
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[100 x (post-CB IL - pre-CB IL)/pre-CB IL], in which positive
values indicate an increase in cytokine levels and negative
values indicate a decrease in cytokine levels both from the ini-
tial to the final moment. To analyze the relationship between
cytokine levels and pulmonary function parameters, only the
plasma levels and variations between the beginning and end
of surgery were considered, and the values of those variables
were analyzed in modules. To evaluate the results normality,
we used the Shapiro-Wilk test '8, with logarithmic transforma-
tion of the variable whenever necessary. Spearman’s correla-
tion coefficient was used to measure the association between
cytokine levels and the study parameters 7. To compare the
levels of cytokines in plasma and BAL samples and moments
of collection (before and after CB), we used analysis of vari-
ance for repeated measurements 8. A level of p < 0.05 was
considered alpha error.

RESULTS

Among the patients enrolled in this study, five were female and
eight male. Regarding the functional classification of patients,
according to the New York Heart Association '°, 11 were clas-
sified as class 2, while the remaining were classified as class
3; and according to the Higgins surgical risk classification '3,
eight were classified as minimal risk, and five as low surgical
risk. Descriptive data regarding age, body mass index (BMI),
and duration of CB and surgery are shown in Table I.

Regarding the analysis of bronchoalveolar lavage, the
first sample was collected 35.00 + 13.84 minutes after in-
tubation (mean + SD), and the mean volume infused was
67.69 + 17.39 mL with 29.77% recovery of total volume. The
second sample was collected 43.23 + 22.58 minutes after the
end of CB, and 69.23 + 19.35 mL were infused and 25.1%
were recovered. Plasma and BAL levels of cytokines are pre-
sented in Table Il. Data regarding blood oxygenation and lung
compliance are presented in Table Ill; non-measured levels
of compliance correspond to the moments patients were ex-
tubated.

Table IV shows the Spearman’s correlation coefficient for
variations in plasma cytokine levels and pulmonary function
parameters at the beginning and end of surgery. We ob-
served positive correlations between the variations in IL-13
and IL-10 and the variation in lung compliance. The increase

Table | — Descriptive Measurements of Age, BMI, and
Duration of CB and Surgery

Variable Mean + SD Median Minimum  Maximum
Age (years) 55.46 +5.36 55.00 46.00 66.00
BMI (kg.m) 27.33+281 28.20 20.90 30.70
Duration of CB 90.46 + 41.84 80 45 201

(min)

SD: standard deviation.
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Table Il — Levels (mean + SD) of Cytokines in Plasma and
Bronchoalveolar Lavage (pg.mL-")

Table V — Spearman’s Correlation Coefficient between the
Variation in Plasma Cytokine Levels and Duration of CB and

Pre-CB Post-CB Surgery (rho/p)
Log IL-1B Duration of CB Duration of surgery
Plasma -0.73 +0.84 -0.35+0.87 1B -0.140/0.665 0.078/0.809
BAL 0.32+1.29 1.01 +1.48 IL- 6 0.671/0.012 0.373/0.209
IL-6 IL-8 0.273/0.391 0.895/< 0.0001
Plasma 0.36 +1.30 54.71+ 67.38 IL- 10 0.272/0.368 -0.119/0.699
BAL 068:+1.43 322900 TNF-a 0.154/0.632 0.011/0.974
LoglL-8
Plasma 1.88 +0.35 3.08+0.98
BAL 2.37+2.22 3.85+1.60
IL-10
Plasma 2.64+1.99 1491.25 + 963.60
BAL 2.58 + 0.54 2.40 +0.62 DISCUSSION
TNF-a
Plasma 5.76 £2.56 14.65£13.75 In the present study, changes in plasma and bronchoalveo-
BAL 17.12 £ 1.40 1710+ 1.49

in IL-1B showed correlation with a decrease in lung compli-
ance (p = 0.044 and rho = 0.589), and the higher the increase
in IL-10, the lower is the decrease in lung compliance (p =
0.032 and rho = -0.593).

Table V shows the Spearman’s correlation coefficient be-
tween variations in plasma levels of cytokines and duration
of CB and surgery. The correlation between the duration of
CB and the absolute variation in IL-6 levels, i.e., the greater
the duration of CB the greater the absolute variation in IL-6
levels (p = 0.012 ad rho = 0.671), was identified as being im-
portant. It was observed an important percentage variation of
IL-8, which showed a significant correlation with the duration
of surgery, and the longer the surgery, the higher the variation
in IL-8 (p < 0.0001 and rho = 0.895).

lar levels of cytokines were observed in patients undergoing
CABG with CB. Besides the influence of duration of CB and
surgery on cytokine levels, a correlation between this inflam-
matory reaction and changes in lung function was also ob-
served, and the magnitude of changes in static compliance
may be an estimate of the intensity of the systemic inflamma-
tory reactions after SIRS.

The lungs are a source of proinflammatory cytokines proba-
bly due to the relative ischemia observed during CB when pul-
monary oxygenation is provided only by the non-pulsatile flow
from bronchial arteries '2. The myocardium is also a source of
IL-6 2°. The role of neutrophils is also recognized; in general,
they are activated at the onset of CB and, in turn, they acti-
vate cellular inflammation and the complement pathway lead-
ing to the production of cytokines 2'. In his study, Prondzinsky
considered isolated surgical trauma a factor that leads to an
increase of proinflammatory cytokines, suggesting that this ef-
fect is more intense than CB 22.

Table Il — Levels (mean + SD) of Blood Oxygenation and Lung Compliance
Pa0, / FiO, A-a O, (mmHg) Shunt (%) Compliance (mL / cmH,0)
Beginning of surgery 334.62 + 85.05 265.92 + 82.66 16.69 £ 6.08 38.65 + 10.04
End of surgery 193.77 + 64.96 398.15 +70.43 32.53+7.19 31.85+6.94
1 hour after surgery 212.15+ 67.81 232.77 + 72.66 21.55+6.28 29.38 £5.12
3 hours after surgery 240.23 + 84.40 181.15 £ 107.27 18.34 £8.74 30.75+5.83
6 hours after surgery 251.31 £ 79.68 122.46 + 45.50 15.37 £ 7.64 -
24 hours after surgery 212.85+ 53.73 136.38 + 37.70 19.67 £ 6.69 -
p < 0.0001 < 0.0001 < 0.0001 0.0003

The value of p refers to the changes in means along the evaluations.

Table IV — Spearman’s Correlation Coefficient between the Variations in Plasma Levels of Cytokines and Parameters of Lung
Function at the Beginning and End of Surgery (rho/p)

Pa0, / FiO, A-a O, Shunt Compliance
IL-1B 0.349/0.266 0.508 / 0.092 0.399/0.199 0.589/0.044
IL-6 -0.269/0.374 0.099/0.748 0.099/0.748 0.077/0.803
IL-8 0.070/0.829 0.077/0.812 0.147 /0.649 0.259/0.417
IL- 10 -0.033/0.915 -0.159/0.603 -0.099/0.748 -0.593/0.032
TNF-a 0.028 /0.931 0.476/0.118 0.441/0.152 0.168/0.602
278 Revista Brasileira de Anestesiologia
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The direct causal relationship between this inflammatory
response to CABG and the clinical postoperative outcome is
not well defined, and therapeutic interventions will not be com-
pletely justified in the absence of a clear cause-effect relation-
ship 4. On the other hand, the increase in airway resistance
after CB 23, similar to what was observed in this study, has
been well demonstrated. The increased cellularity observed in
the bronchoalveolar lavage of patients undergoing CB 24 may
be related to the inflammatory response.

Some studies have demonstrated that the increase in cy-
tokine levels may occur in 5 minutes to 2 hours after CB 25. In
the present study, the second sample collection of post-CB
plasma and BAL, usually less than 2 hours after the first one,
could not have detected the peak in the increase in cytokine
levels in some cases.

The use of corticosteroids in patients undergoing CABG
can alter expected concentrations of proinflammatory and
anti-inflammatory cytokines 2627. Although the indication of
corticosteroids has not been established, its use can minimize
postoperative changes in lung function. It has been demon-
strate that methylprednisolone can reduce the production of
IL-6 and increase the production of IL-10, although it does
not affect the duration of mechanical ventilation or length of
hospitalization after CABG 2. In the present study, patients
received steroid after anesthetic induction and we observed
a significant increase in levels of IL-10 at the end of surgery,
besides the negative correlation between the levels of this
interleukin and reduction of lung compliance. Corticotherapy
may have contributed to the absence of significant increase in
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post-CB IL-1 and TNF levels. Those results might suggest a
beneficial effect of corticotherapy on pulmonary function.

Besides corticosteroids, other immunomodulatory drugs
such as endotoxins, anticytokine antibodies, and cytokine re-
ceptor agonists have been proposed to inhibit the inflamma-
tory response 2°. The use of specific monoclonal antibodies to
block the effects of proinflammatory cytokines, such as TNF,
can also minimize the myocardial depressive action of these
substances 2°.

The presence of genetic polymorphism that determines
different levels of cytokine production after a triggering event
represents a limitation of the present study 3'-33. The poly-
morphism of IL-10 gene can lead to a lower release of this
interleukin after CB. In other cases, an increase in systemic
inflammatory response may be observed. The size of the
study population did not take into account the presence of this
polymorphism, and this factor may partially explain the high
variability observed in cytokine levels. In the present study,
patients who required transfusion of packed-red blood cells
were not excluded, and it was demonstrated that allogeneic
transfusion of non-deleukocyted blood leads to an increase in
cytokine levels 34.

Considering the objectives of this study, we can conclude
that myocardial revascularization with CB causes increased
levels of cytokine in plasma and bronchoalveolar lavage and
that there is a correlation between the increased cytokine
levels and a decrease in lung compliance, and between the
increase in cytokine levels and the duration of extracorporeal
circulation and surgery.
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Avaliacao dos Niveis de Citocinas e da Fungcao Pulmonar de
Pacientes Submetidos a Cirurgia Cardiaca com Circulacao
Extracorporea
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Luciana Moraes Santos, TSA 4, Luis Marcelo Sa Malbouisson, TSA °, Maria José Carvalho Carmona, TSA 6

Resumo: Machado LB, Negri EM, Bonafé WW, Santos LM, Malbouisson LMS, Carmona MJC — Avaliagao dos Niveis de Citocinas e da Fungao
Pulmonar de Pacientes Submetidos a Cirurgia Cardiaca com Circulagéo Extracorpérea.

Justificativa e objetivos: A Sindrome da Resposta Inflamatéria Sistémica é uma ocorréncia habitual em cirurgias cardiacas com circulagéo
extracorporea (CEC). O objetivo deste estudo foi avaliar os niveis sistémicos e pulmonares de citocinas e a correlagdo com a fungdo pulmonar
em pacientes submetidos a revascularizagdo miocardica (RM) com CEC.

Métodos: O estudo foi aprovado pela Comisséo de Etica institucional, com a avaliagao de 13 pacientes submetidos & RM com CEC. Apés a in-
dugéo anestésica, ao término da CEC, realizaram-se dosagens plasmaticas e no lavado broncoalveolar de IL-1B, IL-6, IL-8, IL-10 e TNF-o.. Foram
avaliados o tempo de CEC e de cirurgia, a relagdo PaO,/FiO,, o gradiente alvéolo-arterial de oxigénio (GA-a0,), o shunt e a complacéncia pulmo-
nares. Os resultados foram submetidos a anélise de variancia para medidas repetidas (*p < 0,05) e coeficiente de correlagao de Spearman.

Resultados: Observaram-se aumento dos niveis de citocinas no plasma e no lavado broncoalveolar apés a CEC e relagao direta entre o au-
mento da IL-1B e a diminuigdo da complacéncia pulmonar (p = 0,0439), assim como relagdo inversa entre o aumento da IL-10 e a redugao da
complacéncia (p = 0,0325). O aumento da IL-6 teve relagdo direta com o tempo de CEC (p = 0,012), enquanto o aumento da IL-8 teve relagao
direta com o tempo de cirurgia (p < 0,0001). Os niveis de IL-1B, IL-8 e TNF-a foram maiores no LBA em relagdo ao plasma.

Conclusdes: Ocorre aumento dos niveis de citocinas no plasma e lavado broncoalveolar apés a CEC e héa correlagao entre o aumento dos niveis
de citocinas e o tempo de CEC e de cirurgia e as alteragdes na complacéncia pulmonar.

Unitermos: CIRURGIA, Cardiaca: revascularizagao do miocardio; EQUIPAMENTOS, Oxigenador: circulagéao extracorpérea; FARMACOLOGIA:
citocinas; FISIOPATOLOGIA: resposta inflamatéria sistémica; TECNICAS DE MEDICAO, Testes de fungéo pulmonar.

Suporte Financeiro: Fapesp, processo n® 2002/02403-0.
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INTRODUCAO

O paciente submetido a tratamento cirdrgico de coronariopa-
tia por revascularizagdo do miocardio (RM) com circulagao
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extracorporea (CEC) invariavelmente desenvolve um pro-
cesso inflamatério de intensidade variavel que pode compro-
meter a evolugao pds-operatéria '. Segundo Kollef e col. 2,
a incidéncia de sindrome de disfungdo de mudltiplos 6rgéos
(SDMO) em RM com CEC pode chegar a 11% e esse grupo
apresenta taxa de mortalidade na ordem de 41%.

A inflamagédo pode ser entendida como uma resposta de
protecao cujo objetivo central consiste em eliminar a causa
inicial de lesao celular (bactérias, toxinas, trauma etc.), assim
como a principal consequéncia de tal lesdo: a necrose celular
e tecidual 8. A resposta inflamatéria consiste em um processo
sistémico que ocorre mesmo na auséncia de infeccao, e é
mais bem denominado de sindrome da resposta inflamatéria
sistémica (SIRS) 4. Em decorréncia do pensamento em seu
carater multifatorial, alguns preferem referir-se a SIRS como
PIRO (predisposicéo, insulto ou infecgéo, resposta, disfun-
¢ao de 6rgéo alvo) 5. Na auséncia do processo inflamatério,
esperar-se-ia a disseminagéo da infecgao, a cicatrizagao nao
ocorreria e o 6rgao lesado ficaria permanentemente sem fun-
¢ao, mas, dependendo da intensidade do processo, a infla-
magcao é potencialmente prejudicial 2.
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Clinicamente, para se identificar o paciente em SIRS,
tem-se utilizado a presenca de pelo menos dois dos se-
guintes critérios: taquicardia com FC > 90 bpm, taquipneia
com FR > 20 ipm ou volume minuto > 10 L.min' ou Pa-
Co, < 32 mmHg, hipotermia ou hipertermia (t < 35,5°C ou
> 38°C), leucocitose ou leucopenia (glébulos > 1.2000 ou
< 4.000.dL"") 467,

A SIRS pode evoluir para disfung@o orgénica, principal-
mente com alteragdes na fungéo pulmonar, choque, insufici-
éncia renal e SDMO “.

Embora a CEC esteja entre os principais fatores determi-
nantes da SIRS, em cirurgia cardiaca a etiologia e a impor-
tancia clinica da SIRS apés cirurgia cardiaca ainda séo pou-
co compreendidas e o principal desafio é o desenvolvimento
de um método clinico e laboratorial para quantificar sua in-
tensidade (diagndstico), a predigdo de quais seréo os 6rgaos
mais afetados (correlago clinica) e o estabelecimento de um
tratamento correto 6. A relacéo entre a intensidade da SIRS e
a lesdo de 6rgaos alvo ainda néo esta totalmente esclareci-
da 8. Em seu estudo, Brix-Christensen nao encontrou relagéo
entre o nivel de citocina plasmatico e a expressdo do RNA
mensageiro correspondente a tal citocina no pulméo, rim e
coragéo °.

Nos pulmdes, durante a CEC total, a perfuséo tecidual é
feita apenas pelo fluxo n&o pulsétil proveniente das artérias
brénquicas e, apos a CEC, ocorre um processo de isquemia-
reperfusdo pulmonar. Tais alteragbes da fisiologia pulmonar
déo inicio a produgao local de mediadores inflamatdrios, ca-
racterizando o pulméo como um dos principais 6rgaos per-
petuadores desse processo %12, inferindo a possibilidade de
correlacéo entre fungao pulmonar e SDMO no pbds-operatoério
de cirurgia cardiaca.

Os objetivos deste estudo foram: a avaliagdo das altera-
¢Oes nos niveis de citocinas sanguineos e no lavado bronco-
alveolar (LBA) de pacientes submetidos a revascularizagdo
miocardica com circulagao extracorpérea e a correlagdo com
o tempo de CEC e as alteragbes da fungao pulmonar obser-
vadas no periodo pos-operatorio.

METODO

Apods aprovagao do projeto de pesquisa pela Comissdo de
Etica institucional e obtencdo do termo de consentimento
pés-informado, foram estudados 13 pacientes submetidos a
cirurgia cardiaca eletiva para revascularizagdo miocardica.
Foram excluidos do estudo pacientes com historia recente de
tabagismo (periodo de abstinéncia inferior a seis semanas),
diagnostico de doenga pulmonar obstrutiva crénica (DPOC),
infecgao pulmonar vigente ou neoplasia pulmonar, ICC clas-
se funcional 4 (NYHA) ou FE < 40%, creatinina > 1,3 mg.dL"",
diagnéstico de insuficiéncia hepatica, presenga de alteragao
radiolégica pulmonar e portadores de obesidade (IMC > 35).
Também foram excluidos os pacientes que haviam feito uso
de antiinflamatério hormonal nos ultimos 30 dias antes da ci-
rurgia, os pacientes classificados como ASA > P4 ou como
risco moderado ou maior para a cirurgia segundo Higgins e
col. 13, Qutro critério para a excluséo foi a realizagdo do proce-
dimento cirdrgico sem a utilizagéo de circulagdo extracorpérea.
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Determinou-se um periodo minimo de jejum alimentar de 8
horas e, como medicacéo pré-anestésica, utilizou-se midazo-
lam 0,1 a 0,3 mg.kg™' (m&ximo 15 mg) por via oral, 30 minutos
antes da cirurgia. Ao serem admitidos na sala cirlrgica, os
pacientes foram monitorados com oximetro de pulso e ele-
trocardiégrafo continuo de cinco eletrodos, avaliando-se as
derivagdes D, e V5. Apds anestesia local dos sitios de pungéo
vascular, realizaram-se vendclise periférica com cateter 16G
ou 14G e pungao percutanea da artéria radial com cateter
20G para monitoragdo da invasiva da presséo arterial. Os
pacientes receberam, apds vendclise periférica, 1g de me-
tilprednisolona por essa via. Todos os pacientes foram sub-
metidos @ mesma técnica anestésica e, apos pré-oxigenacéo
por 3 minutos, a inducdo da anestesia geral foi realizada com
midazolam 0,1 a 0,3 mg.kg!, sufentanil 0,1 a 0,5 pg.kg" e
etomidato 0,15 a 0,30 mg.kg™'. Para o relaxamento muscular,
foi utilizado atracurio 0,5 mg.kg'. Foi, entao, aplicada ventila-
¢ao manual sob mascara de O, a 100% e, ap0s a agao total
do blogueador neuromuscular, realizou-se intubagao traqueal
com tubo de diametro adequado. Apds ausculta dos campos
pulmonares e monitoragdo do P:;CO, pelo método side-
stream, foi instalada ventilagdo no modo controlado e ciclado
a volume (respirador Cicero, Drager, Alemanha), com volume
de 6 a 8 mL.kg, frequéncia respiratéria de 12 incursdes por
minuto (posteriormente guiada pela PgrCO,), limitada a pres-
sdo de 25 cmH,0, fluxo de 2 L.min', I:E = 1:2, FiO, de 50%
(oxigénio e ar comprimido) e PEEP de 5 cmH,0.

Apds a intubagado traqueal, realizou-se a passagem de
cateter venoso central através de pungéo da veia jugular in-
terna direita. Ap6s a fixagéo do cateter central, deu-se inicio
também a monitoracéo da diurese e da temperatura nasofa-
ringea. A manutengéo da anestesia foi realizada com doses
fracionadas de sufentanil 10 ng a cada 30 minutos associado
ao isoflurano 0,5 a 1,0 CAM (fragcdo expirada monitorada pelo
analizador de gases, Cicero, Drager, Alemanha). No periodo
da CEC, a inconsciéncia foi mantida com infusdo alvo-con-
trolada de propofol para manutengédo de concentragédo-alvo
de 1,0 a 2,5 pg.mL". Para a hidratagao, foi utilizada solugéo
aquecida de Ringer com lactato.

Apds anticoagulagao plena com heparina, os pacientes fo-
ram submetidos a circulagdo extracorp6rea com oxigenador
de membrana (Braile, Sdo José do Rio Preto, Brasil), com
fluxo néo pulsatil. O fluxo de CEC inicial foi obtido pelo cal-
culo 2,2 vezes a superficie corpdrea e, posteriormente, ade-
quado para a manutencdo de uma pressao arterial minima
de 60 mmHg. Para o perfusato da CEC, utilizou-se solugéo
de Ringer com lactato 1.500 mL, manitol 250 mL e heparina
10.000 unidades. Foi avaliado o tempo de CEC e, ao final
da cirurgia, foram introduzidos farmacos vasodilatadores e/ou
inotrépicos em doses varaveis, conforme indicagao clinica.

Foram coletadas duas amostras de LBA de cada paciente,
todas pelo mesmo anestesiologista, sendo a primeira imedia-
tamente apds a intubagéo traqueal (Pré-CEC) e a segunda
ao final do procedimento, logo apds a reversdo da anticoa-
gulagdo com a protamina (Pds-CEC). Para a impactagéo do
aparelho, padronizou-se o lobo médio ou a lingula do pulméo
esquerdo, por conta da maior porcentagem de recuperagao
do lavado nessas regides '4. Através da canula orotraqueal,
apo6s trés instilagdes com lidocaina 10% spray, foi introdu-
zido o aparelho de broncofibroscopia (Pentax- FB-15bs),
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com 4,8 mm de didmetro e 2 mm de canal. Durante o pro-
cedimento, o paciente foi ventilado com 100% de oxigénio.
Foi utilizada uma quantidade de 60 a 100 mL de NaCl 0,9%,
aquecida a 37°C e dividida em aliquotas de 20 mL. Apds a
infusdo pelo canal do broncofibroscépio de 60 mL de salina,
aspirou-se manualmente com seringa o LBA ap6s duas incur-
sOes respiratérias do ventilador. Caso o volume recuperado
fosse suficiente, ndo eram infundidas as aliquotas restantes
(40 mL). As amostras foram armazenadas em tubos de po-
lietileno para evitar a aderéncia de macréfagos no vidro, em
temperatura de 5°C até a coleta da segunda amostra (tempo
médio de 120 minutos). Apos a coleta das amostras, os tubos
foram encaminhados para processamento laboratorial.

Nos momentos da coleta do LBA, foram obtidas também
amostras sanguineas através do cateter arterial para a do-
sagem plasmatica das citocinas. As amostras foram estoca-
das a 5°C até o término da cirurgia e posteriormente enca-
minhadas ao laboratério clinico. O material foi centrifugado
a 3.000 rpm por 10 minutos, a uma temperatura de 10°C.
Em seguida, pipetou-se o sobrenadante (LBA). As aliquotas
foram armazenadas a -25°C para analise posterior. Apds a
coleta de toda a casuistica, as aliquotas foram descongela-
das em temperatura ambiente. Para a dosagem, recorreu-se
ao método semiautomatizado e imunométrico, com a utiliza-
cao de anticorpos especificos e enzima quimioluminescente
(IMMULITE; DPC-Medlab, Los Angeles, CA).

Foram obtidas amostras sanguineas para dosagem de
hemoglobina, hematdcrito, gasometria arterial e venosa nos
momentos apds a indugao anestésica, ao final da cirurgia,
uma hora apds o término da cirurgia, trés horas apos o tér-
mino da cirurgia, seis horas apds o término da cirurgia e no
primeiro dia de p6s-operatério. Os resultados obtidos foram
aplicados para os célculos dos seguintes parametros:

- Relagao entre a pressao arterial de oxigénio e a fragéo
inspirada de oxigénio: obtido diretamente pela relagéo
entre a PaO,/FiO,, considerando-se normais valores
acima de 200.

- Gradiente alvéolo-arterial de oxigénio (GA-a0O,): cal-
culado pela diferenca entre a pressao alveolar de
oxigénio e a presséo arterial de oxigénio. A pressao
alveolar de oxigénio (PAO,) foi calculada pela fér-
mula PAO, = [(PB - PH,O) x FiO,] - PaCO,, sendo
PAO, = presséo alveolar de oxigénio, PaO, = pres-
sdo arterial de oxigénio, PB = pressao barométrica,
PH,O = presséo de vapor de agua, FiO, = frago ins-
pirada de oxigénio e PaCO, = pressao arterial de CO,.
Como valores normais para o GA-aO,, considerou-se
a FiO, de 21% o valor de 10 a 15 mmHg e a FiO, de
100% calores de 10 a 65 mmHg.

- Shunt pulmonar: O shunt foi calculado pela férmula
(CcO, - Ca0,)/(CcO, - CvO,), sendo CcO, o conteu-
do capilar de oxigénio, CaO, o conteudo arterial de
oxigénio e CvO, o contetdo venoso de oxigénio. O
contetido capilar de oxigénio foi calculado pela for-
mula [(Hb x 1,34) + (PAO, x 0,0031)], sendo Hb o va-
lor hemoglobina (g.dL") e PAO, a presséo alveolar
de oxigénio. O conteldo arterial de oxigénio (CaO,)
foi calculado pela férmula [(1,34 x Hb x Sa0,/100) +
(PaO, x 0,0031)], sendo Sa0, a saturagao arterial de
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oxigénio e PaO, a pressao arterial de oxigénio. O
contetido venoso de oxigénio (CvO,) é calculado pela
formula [(1,34 x Hb x SvO,/100) + (PvO, x 0,0031)],
sendo SvO, a saturagéo venosa de oxigénio e PvO,
a pressao venosa de oxigénio. Consideraram-se va-
lores de 3% a 5% normais para o shunt pulmonar.

Também se estudou a complacéncia pulmonar dinamica
(volume corrente/presséo de pico) 5. Esse parametro foi es-
tudado no inicio e no final da cirurgia, 1 hora e 3 horas ap6s
o término da cirurgia.

As variagOes dos valores de citocinas (V%IL) foram calcu-
ladas como [100 x (IL p6s-CEC — IL pré-CEC)/IL pré-CEC],
sendo que valores positivos indicam aumento do momento
inicial para o final e valores negativos revelam diminuicao
do momento inicial para o final. Para a andlise da relacao
entre os niveis de citocinas e os parametros de funcéao pul-
monar, foram considerados apenas seus valores plasmaticos
e a variacao entre o inicio e o final da cirurgia, com os valo-
res dessas variaveis analisadas em moédulo. Para avaliar a
normalidade dos resultados, utilizou-se o teste de Shapiro-
Wilk 16, com transformagao logaritmica na variavel quando
necessario. A medida de associagao utilizada para os niveis
de citocinas e os parametros estudados foi o coeficiente de
correlagcdo de Spearman '7. Para comparar as amostras no
plasma e no LBA e os momentos da coleta (antes e apos
a CEC) quanto aos niveis de citocinas, utilizou-se a Analise
de Variancia para medidas repetidas '8. O valor p < 0,05 foi
considerado erro alfa.

RESULTADOS

Dentre os pacientes estudados, cinco eram do sexo femini-
no e oito do masculino. Em relagé@o a classe funcional dos
pacientes, segundo a classificagdo da New York Heart As-
sociation '°, onze foram classificados como classe 2, en-
quanto os demais como classe 3 e, pela classificacdo do
risco cirdrgico conforme Higgins '3, oito foram classificados
como de risco minimo e cinco como de risco cirdrgico baixo.
Os dados descritivos referentes a idade, indice de massa
corpérea (IMC), tempo de CEC e de cirurgia encontram-se
na Tabela I.

Em relagdo a andlise do lavado broncoalveolar, a primeira
coleta foi realizada 35,00 + 13,84 minutos apds a intubacédo
traqueal (média + DP), sendo o volume médio infundido de

Tabela | — Medidas Descritivas da Idade, IMC, Tempos de
CEC e Cirurgia

Variavel Média + DP Mediana  Minimo Maximo
Idade (anos) 55,46 +5,36 55,00 46,00 66,00
IMC (kg.m?) 27,33+2,81 28,20 20,90 30,70
Tempo de 90,46 + 41,84 80 45 201
CEC (min)

DP: desvio-padrao.
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Tabela Il — Valores (média + DP) de Citocinas no Plasma e
no Lavado Broncoalveolar (pg.mL")

Tabela V — Coeficiente de Correlagéo de Spearman Entre
a Variagao dos Valores de Citocinas Plasmaticas e os

Pré-CEC P6s-CEC Tempos de CEC e de Cirurgia (rho/p)
Log IL-1B Tempo de CEC Tempo de cirurgia
Plasma -0,73+0,84 -0,35+ 0,87 IL-1B - 0,140/0,665 0,078/0,809
ILLBA 0,32+1,29 1,01 +1,48 IL-6 0,671/0,012 0,373/0,209
-6
Plasma 0,36 + 1,30 54,71+ 67,38 I8 0,275/0,391 0,895/« 0,0001
LBA 0,68 +1,43 3,2249,00 IL-10 0,272/0,368 -0,119/0,699
LoglIL-8 TNF-a 0,154/0,632 0,011/0,974
Plasma 1,88+ 0,35 3,08 £ 0,98
LBA 2,37 +£2,22 3,85+ 1,60
IL-10
Plasma 2,64+1,99 1491,25 + 963,60 pulmonar. O aumento da IL-1B teve relagdo com a diminui-
LBA 2,58 £ 0,54 2,40 £0,62 ¢ao da complacéncia pulmonar (p = 0,044 e rho = 0,589) e,
TNF-a quanto maior o aumento da IL-10, menor é a diminuicéo da
Plasma 5,76 + 2,56 14,65+ 13,75 complacéncia pulmonar (p = 0,032 e rho = -0,593).
LBA 17,12+1,40 17,10+ 1,49 A Tabela V mostra o coeficiente de correlagdo de

67,69 + 17,39 mL, com recuperacao de 29,77% do volume. A
segunda coleta foi realizada 43,23 + 22,58 min ap0ds o término
da CEC, sendo infundidos 69,23 + 19,35 mL, com recupera-
cao de 25,1% do volume. Os resultados referentes aos niveis
de citocinas no plasma e no LBA encontram-se na Tabela Il.
Os dados referentes a avaliagdo da oxigenagao sanguinea e
da complacéncia pulmonar encontram-se na Tabela lll, sen-
do que para a complacéncia os valores ndo determinados
correspondem aos momentos em que 0s pacientes se encon-
travam extubados.

A Tabela IV mostra o coeficiente de correlagdo de Spe-
arman para a variagao dos valores de citocinas plasmaticas
e os parametros de fungéo pulmonar no inicio e no final da
cirurgia. Foram identificadas correlagdes significativas entre a
variagao da IL-1B e da IL-10 com a variagéo da complacéncia

Spearman entre a variagao dos valores de citocinas plasma-
ticas e os tempos de CEC e de cirurgia. ldentificou-se como
algo importante a correlagéo entre o tempo de CEC e a va-
riacdo absoluta na IL-6, ou seja, quanto maior for o tempo
de CEC, maior sera a variagdo absoluta na IL-6 (p = 0,012
e rho = 0,671). Com relacéo a IL-8, observou-se a variagao
em porcentagem correlacionada significativamente com o
tempo de procedimento cirdrgico, sendo que, quanto maior
o tempo de cirurgia, maior a variagdo da IL-8 (p < 0,0001 e
rho = 0,895).

DISCUSSAO

O presente estudo detectou alteragbes nos niveis de citoci-
na no plasma e no lavado broncoalveolar em pacientes sub-
metidos a cirurgias cardiacas com CEC. Além da influéncia
do tempo de circulagdo extracorpérea e de cirurgia sobre os

Tabela Ill — Valores (média + DP) de Oxigenagéo Sanguinea e Complacéncia Pulmonar

Pa0, / FiO, GA-a O, (mmHg) Shunt (%) Complacéncia
(mL / cmH,0)

Inicio da cirurgia 334,62 + 85,05 265,92 + 82,66 16,69 + 6,08 38,65 + 10,04
Final da cirurgia 193,77 £ 64,96 398,15+ 70,43 32,53 +7,19 31,85+ 6,94
1 hora ap6s a cirurgia 212,15+ 67,81 232,77 £ 72,66 21,55+ 6,28 29,38 £ 5,12
3 horas apds a cirurgia 240,23 + 84,40 181,15+ 107,27 18,34 + 8,74 30,75+ 5,83
6 horas apés a cirurgia 251,31 £ 79,68 122,46 + 45,50 15,37 £ 7,64 -
24 horas ap6s a cirurgia 212,85 + 53,73 136,38 £ 37,70 19,67 + 6,69 -
p < 0,0001 <,0001 < 0,0001 0,0003

O valor de p refere-se as alteragdes nas médias do parametro ao longo das avaliagoes.

Tabela IV — Coeficiente de Correlagcdo de Spearman entre a Variagéo dos Valores de Citocinas Plasmaticas e os Parametros

de Fungéo Pulmonar no Inicio e no Final da Cirurgia (rho/p)

Pa0, / FiO, GA-a O, Shunt Complacéncia
IL-1B 0,349 /0,266 0,508 /0,092 0,399/0,199 0,589 /0,044
IL-6 -0,269/0,374 0,099 /0,748 0,099/0,748 0,077 /0,803
IL-8 0,070/0,829 0,077 /0,812 0,147 /0,649 0,259/0,417
IL-10 -0,033/0,915 -0,159/0,6083 -0,099/0,748 -0,593/0,032
TNF-a 0,028 /0,931 0,476/0,118 0,441/0,152 0,168 /0,602
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niveis de citocinas, observou-se também correlagdo entre
essa reagao inflamatdria e as alteragdes da fungéo pulmonar,
e a magnitude das alteragdes na complacéncia estatica pode
ser uma estimativa da intensidade da resposta inflamatdria
sistémica apos a SIRS.

Os pulmbes séo fonte de citocinas pro-inflamatorias pro-
vavelmente devido a isquemia relativa observada no perio-
do de circulagdo extracorpérea, quando a oxigenacao pul-
monar é provida apenas pelo fluxo nao pulsatil proveniente
das artérias bronquicas 2. O miocardio também é fonte de
produgéo de IL-6 2°. Reconhece-se o papel dos neutréfilos
que, em geral, ativados no inicio da CEC, ativam a celulari-
dade inflamatéria e a via do complemento com a produgéo
de citocinas 2'. Em seu estudo, Prondzinsky considera o
trauma cirurgico isolado fator de aumento de citocinas pré-
inflamatdrias, sugerindo que esse efeito é mais intenso que
a CEC 22,

N&o esta bem definida a relagao causal direta entre a res-
posta inflamatéria a cirurgia cardiaca e o desfecho clinico
pbs-operatério e as intervengdes terapéuticas ndo estardo
totalmente justificadas na auséncia de uma clara relagao cau-
sa-efeito 4. Por outro lado, estd bem demonstrada a ocorrén-
cia de aumento da resisténcia de vias aéreas apés a CEC 23,
como observado neste estudo. O aumento de celularidade
observado no lavado broncoalveolar de pacientes submeti-
dos a circulagdo extracorpérea 2* pode estar relacionado a
resposta inflamatoéria.

Alguns estudos mostram que o aumento de citocinas pode
ocorrer de 5 minutos a 2 horas p6s CEC 25. Neste estudo,
a coleta da segunda amostra de soro e LBA p6s-CEC ge-
ralmente antes de 2 horas pode, em alguns casos, nao ter
detectado o pico de aumento de citocinas.

O uso de corticosteroides em pacientes submetidos a ci-
rurgias cardiacas pode alterar as concentragbes esperadas
de citocinas inflamatérias e antiinflamatérias 2627. Embora
a indicacdo de corticoterapia nao seja totalmente estabele-
cida, admite-se que seu uso pode minimizar as alteragbes
pbs-operatorias da fungéo pulmonar. Ja se demonstrou que a
metilprednisolona pode diminuir a produgéo de IL-6 e aumen-
tar a producéo de IL-10, embora ndo apresente efeitos sobre
a duracéo da ventilagdo mecénica ou o tempo de internacéo
hospitalar ap6s cirurgia cardiaca 28. Neste estudo, os pacien-
tes receberam o corticosteroide apds a indugéo anestésica
e observou-se significativo aumento dos niveis de IL-10 ao
final da cirurgia, além de correlacao negativa entre os niveis
dessa interleucina e a redugdo da complacéncia pulmonar.
A corticoterapia pode ter contribuido para a auséncia de au-
mento significativo da IL-1 e TNF p6s-CEC. Esses resultados
podem sugerir um efeito benéfico da corticoterapia sobre a
fungéo pulmonar.

Além dos corticosteroides, outros farmacos imunomodu-
ladores como endotoxinas, anticorpos anticitocinas e anta-
gonistas de receptores de citocinas tém sido propostos para
inibir a resposta inflamatéria 2°. O bloqueio da acéo de citoci-
nas pro-inflamatérias como o TNFa. com o uso de anticorpos
monoclonais especificos pode também minimizar o efeito de-
pressor miocardico dessas substancias .
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Uma limitagéo do estudo atual é a existéncia do polimor-
fismo genético, que determina diferentes niveis de produgao
de diversas citocinas apds um evento desencadeante 3'-33,
O polimorfismo presente no gene da IL-10 pode condicionar
menor liberagdo dessa interleucina ap6és a CEC. Em outros
casos, pode haver aumento da resposta inflamatoria sisté-
mica. O tamanho da amostra do estudo atual néo levou em
conta a existéncia desse polimorfismo e tal fator pode expli-
car, em parte, a alta variabilidade observada nos niveis de in-
terleucinas. Neste estudo, ndo foram excluidos os pacientes
que necessitaram de reposi¢do volémica com concentrado
de hemacias e demonstrou-se que a transfusdo alogénica de
sangue nao deleucocitado leva ao aumento de citocinas 34.

Considerando-se os objetivos deste estudo, pode-se con-
cluir que a cirurgia de revascularizagdo do miocardio com
circulagdo extracorpérea provoca aumento dos niveis de cito-
cinas no plasma e no lavado broncoalveolar, e que ha corre-
lagéo entre o aumento dos niveis de citocinas e a diminui¢ao
da complacéncia pulmonar e entre o aumento dos niveis de
citocinas e o tempo de circulagao extracorpérea e cirurgia.
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Resumen: Machado LB, Negri EM, Bonafé WW, Santos LM, Malbou-
isson LMS, Carmona MJC — Evaluacion de los Niveles de Citocinas y
de la Funcién Pulmonar de Pacientes Sometidos a la Cirugia Cardia-
ca con Circulacion Extracorpérea.

Justificativa y objetivos: El Sindrome de la Respuesta Inflamatoria
Sistémica es algo habitual en las cirugias cardiacas con circulacién
extracorporea (CEC). El objetivo de este estudio fue evaluar los ni-
veles sistémicos y pulmonares de citocinas y la correlaciéon con la
funcién pulmonar en los pacientes sometidos a la revascularizacion
miocardica (RM) con CEC.

Métodos: El estudio fue aprobado por la Comision de Etica Insti-
tucional, con la evaluaciéon de 13 pacientes sometidos a la RM con
CEC. Después de la induccién anestésica al término de la CEC, se
realizaron dosificaciones plasmaticas y también en el lavado bronco-
alveolar de IL-1B, IL-6, IL-8, IL-10 y TNF-a.. Se evaluaron el tiempo de
CEC y de cirugia, la relacion PaO,/FiO,, el gradiente alvéolo-arterial
de oxigeno (GA-a0,), el shunty la complacencia pulmonares. Los
resultados fueron sometidos al andlisis de variancia para medidas
repetidas (*p < 0,05) y al coeficiente de correlacion de Spearman.

Resultados: Se observé un aumento en los niveles de citocinas en
el plasma y en el lavado broncoalveolar después de la CEC y una
relacion directa entre el aumento de la IL-1B y la disminucién de la
complacencia pulmonar (p = 0,0439), como también una relacion in-
versa entre el aumento de la IL-10 y la reduccién de la complacencia
(p = 0,0325). El aumento de la IL-6 tuvo una relacién directa con el
tiempo de CEC (p = 0,012), mientras que el aumento de la IL-8 tuvo
una relacién directa con el tiempo de cirugia (p < 0,0001). Los nive-
les de IL-1B, IL-8 y TNF-a fueron mayores en el LBA con relacion al
plasma.

Conclusiones: Ocurre un aumento de los niveles de citocinas en el
plasma y en el lavado broncoalveolar después de la CEC, con una
correlacion entre el aumento de los niveles de citocinas y el tiempo de
CEC y de cirugia, y las alteraciones en la complacencia pulmonar.

Descriptores: CIRUGIA, Cardiaca: revascularizacion del miocardio;
EQUIPOS, Oxigenador: circulacion extracorporea; FARMACOLO-
GIA: citocinas; FISIOPATOLOGIA: respuesta inflamatoria sistemica;
TECNICAS DE MEDICION, Testes de funcion pulmonar.

Suporte Financeiro: Fapesp, processo n® 2002/02403-0.
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