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Abstract

Objective: The authors sought to assess biochemical,
hormonal and cellular repercussions from use of
cardiopulmonary bypass (CPB) in coronary artery bypass
graft (CABG) surgery.

Methods: Eighteen patients underwent on-pump CABG
surgery. Mean time of CPB was 80.3 minutes. Hormonal,
biochemical and cellular measurements were taken in some
time points - preoperatively, immediately after coming of
CPB, 24 and 48 hours postoperativelyrriedman andWilcoxon
tests were applied based on significance level of 5%.

Results: There was activation and significant elevation
of total leukocytes and neutrophils count over CPB,
remaining this way up to 48 hours postoperativelyTotal
platelets count, in turn, was marked by relevant reduction
immediately after coming off CPB as well as in two
postoperative time points. Serum levels of total proteins
and albumin, immediately after coming off CPB and also in
two postoperative time points, were significantly decreased
comparing with preoperative status. There was remarkable
reduction of total T3, free T3 and total T4 particularly up to
first 24 hours postoperatively

Conclusion: In on-pump CABG surgery, inflammatory
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effects encompass activation of total leukocytes, neutrophils
and platelets, reduction of serum level of total proteins and
albumin and decreased thyroid hormones levels, especially
within first postoperative 24 hours.

Descriptors: Extracorporeal circulation. Myocardial
revascularization. Coronary disease.

Resumo

Obijetivo: Avaliar repercussdes bioquimicas, hormonais e
celulares decorrentes do emprego de circulagéo extracorpérea
(CEC) em cirurgia de revasculariza¢@o miocérdica.

Métodos:Dezoito pacientes foram submetidos a cirurgia
de revascularizagdo miocardica com emmgo de CEC.A
duracdo média da CEC foi de 80,3 minutos. Dosagens
hormonais, bioquimicas e celulares foram realizadas nos
seguintes tempos: pré-operatorio, logo apos a saida de CEC,
24 horas e 48 horas de pés-operatério. Os testes de Friedman
e Wilcoxon foram aplicados, considerando-se o nivel de
significancia 5%.

Resultados:Houve ativagéo e elevacgao significante do
numero de leucdcitos totais e neutréfilos durante o periodo
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de CEC, de tal forma que esta condicéo foi detectada logo
apos a saida de CEC, mantendo-se assim até 48 horas de
poés-operatoério. O nimero total de plaquetas, por sua vez,
caracterizou-se por decréscimo relevante logo apos a saida
de CEC, como também nos dois momentos pés-operatérios
de observac@oA concentragdo sérica de mteinas totais e
albumina, logo apds a saida de CEC e nos dois momentos
pés-operatérios de observacao, foi significativamente menor
em relacdo aos niveis encontrados no periodo pré-operatorio.
Houve decréscimo acentuado dos niveis séricos de T3 total e
T3 livre, sobretudo até as primeiras 24 horas de pés-

INTRODUCTION

The pathogenesis of the inflammatory response
triggered by CPB is multifactorial. Thus, there is synergism
between various pro-inflammatory mechanisms, culminating
in violation of homeostasis. Harmony usually between

operatério. De forma andloga, notou-se padrdo semelhante
quanto aos niveis séricos de T4 total.

Concluséo:Em cirurgias de revasculariza¢do miocérdica,
os efeitos inflamatérios da CEC compreendem ativacao de
leucdcitos, neutrdéfilos e plaquetas, reducéo na concentragao
sérica de proteinas totais e albumina e decréscimo dos niveis
séricos de hormonios tireoidianos, sobretudo, nas primeiras
24 horas de pos-operatorio.

Descritores:Circulagao extracorpérea. Revascularizagéo
miocéardica. Doencga das coronarias.

of CPB in CABG from the standpoint of the biochemical,
hormonal and cellular impact.

METHODS

After approval by the Ethics Committee of Federal

biochemical, hormonal and cellular processes, can be University of Sdo Paulo, according to the Declaration of
corrupted by pathological events related to the CPB, such Helsinki, 18 patients, 13 (72%) male and five (28%) females,
as endothelial injuryschemia-reperfusion, and especially  underwent myocardial revascularization using CPB (pump
pronounced release of cytokines, adhesion molecules and driving roller type) on an elective basis. These patients

tissue necrosis factor [1].

Several studies have demonstrated that endothelial
dysfunction during CPB is derived mainly from the
interaction between neutrophils and inflammatory
molecules by activated endotheliuAs a direct result of
this interaction, there is deficient regulation of the process
of transendothelial migration of neutrophils. Thus, during

CPB, there are increased numbers of neutrophils, as well as

activation of them, which, in an uncontrolled manner
migrate from the circulation to the tissues, promoting
various regional and systemic events. Similastymuli
derived from cell adhesion molecules promote the migration
and displacement of platelets from the circulation into the
various tissues [2,3].

underwent surgery by the same surgical team using aortic
and right atrial cannulation, mild hypothermia and blood
cardioplegia. The average age of patients was 57.8 years
and average duration of CPB, 80.3 minutes. The selection
of patients for CABG with CPB was based on the number
of grafts and need for revascularization of the left ventricle
lateral wall.

Exclusion criteria were: presence of endocrine
abnormalities, clinical and/or laboratory signs of infection,
systemic inflammatory diseases, clinical and/or laboratory
signs of malnutrition, acute coronary insufficiency and
chronic renal failure (serum creatinine > 2mg/dL).
Biochemical (protein, albumin), hormonal (total T3 -
triiodothyronine, free T3, total T4 - thyroxine, free T4, TSH

In recent decades, some authors have assessed the- thyroid stimulating hormone) and cellular dosage (total

biochemical and hormonafetts related to CPBVith regard

leukocytes, neutrophils and platelets) were performed by

to biochemical events, considerable emphasis has been givenmeans of sampling of peripheral venous blood, at the

to the serum concentration of total proteins, particularly

following times: preoperative (24 hours before the

albumin, as these are essential in maintaining the balance procedure), after removal of CPB, 24 and 48 hours

and colloid osmotic regulation of vascular permeability in
prime areas such as blood brain bari®ith respect to
hormone, thyroid hormones and its variability over the CPB
have been the target of the latest research preciput [4,5].

postoperatively

From the statistical point of viewve applied the
Friedman test to check possible differences between the
four moments of observation, akdlcoxon Signed rank

The aim of this study is to assess the impact of the use test to identify the moments that feif from each other

526



Gabriel EA, et al. - On-pump coronary artery bypass graft surgery:
biochemical, hormonal and cellular features

Rev Bras Cir Cardiovasc 2011;26(4):525-31

when taken as pairs. It was adopted the significance level correlations between different times, taken as pairs, and
of 5% for implementation of these tests. SPSS (Statistical were relevant to the respective variables. Based on this
Package for Social Sciences), in its version 13.0 was used final step of statistical analysis, we can effectively
to obtain the results. understand the behavior and the evolutionary course of
biochemical, hormonal and cellular variables, from
preoperative up to 48 hours postoperativeéigures 1-3
illustrate these correlations between different times, in pairs,
The information contained ifables 1-5 result from the but also the significance levels found.
application of the Friedman test, and the data are expressed = There was significant rise of total leukocyte and
as mean value, standard deviation, minimum and maximum neutrophil counts in the postoperative, unlike the total count
values, median, quartiles and significance levek It'  of platelets, which showed considerable decrease in those
important to note that these tables provide substrates for moments of observation. The serum concentration of total
the simultaneous comparison of the four moments of protein and albumin was characterized by decreasing levels
observation considered in this research. in the postoperative, with the stabilization of the total protein
In cases where the Friedman test showed significant levels occurring as early as possible in relation to levels of
differences between the four times studied, we applied the albumin.We noticed significant decrease in levels of thyroid
test of Wilcoxon Signed rank test, which aims to define  hormones, particularly in the first 24 hours postoperatively

RESUDS

Table 1. Comparison between the moments of simultaneous observation for total leukocytes, neutrophils and platelets.

Block of variables n Average Standard Minimum Maximum  Quartile 25  Median Quartile 75 Calculated
Deviation significance(P)

Total leukocytes pre 18 7.369.44 2.629.74 2.090.00 12.450.00 5.980.00 7.180.00 9.190.00

Total leukocyte intra 18 11.507.22 5.950.92 2.930.00 21.100.00 6.940.00 9.255.00 18.002.50

Total leukocytes 24h 18 13.738.33 3.763.50 7.990.00 23.980.00 10.655.00 13.680.00 15.275.00 < 0.001

Total leukocytes 48h 18 12.966.67 3.933.52 8.060.00 23.320.00 10.290.00 12.410.00 13.825.00

Total Neutrophils pre 18 7.927.22 13.646.36 690.00 62.000.00 3.920.00 4.670.00 6.520.00

Total Neutrophils intra 18 9.342.78 5.258.52 1.140.00 19.620.00 5.240.00 8.225.00 13.897.50

Total Neutrophils 24h 18 11.646.67 3.926.20 6.310.00 23.260.00 8.920.00 11.480.00 12.807.50 < 0-001

Total Neutrophils 48h 18 10.607.11 4.655.99 858.00 20.990.00 8.145.00 9.515.00 12.522.50

Total Platelet pre 18 244.444.44 76.814.69 130.000.00 385.000.00 177.750.00 247.000.00 307.750.00

Total Platelet intra 18 166.277.78 62.520.40 85.000.00 311.000.00 117.000.00 160.000.00 201.500.00 _ 0.001

Total Platelet 24 18 160.994.44 59.754.86 73.000.00 305.000.00 122.250.00 142.500.00 209.750.00 '

Total Platelet 48h 18 160.994.44 63.178.99 83.000.00 306.000.00 129.250.00 147.500.00 223.500.00

Table 2. Comparison between the moments of simultaneous observation for total protein and albumin.

Block of variables n Average Standard Minimum Maximum Quartile 25  Median Quartile 75 Calculated
Deviation significance(P)

Total protein pre 18 6.78 0.88 5.00 7.90 6.03 7.00 7.50

Total protein intra 18 4.70 0.90 2.80 6.20 4.30 4.85 5.33

Total protein 24 18 4.85 0.58 3.20 5.70 4.58 5.00 5.13 < 0.001
Total protein 48h 18 5.11 0.68 3.20 6.40 4.88 5.10 5.40

Total albumins pre 18 4.05 0.56 2.80 4.90 3.73 4.10 4.40

Total albumins intra 18 2.72 0.53 1.70 3.60 2.33 2.75 3.20

Total albumins 24h 18 2.86 0.39 2.00 3.50 2.68 2.90 3.03 < 0.001
Total albumins 48h 18 2.94 0.37 1.80 3.50 2.80 3.00 3.13

Table 3. Comparison between the moments of simultaneous observation for total T3 and free T3.

Block of variables n Average Standard Minimum Maximum  Quartile 25  Median Quartile 75 Calculated
Deviation significance(P)

T3 pre 18 134.46 32.31 61.70 190.30 113.33 130.85 161.18

T3 intra 18 103.81 37.18 51.90 187.30 79.68 101.10 122.10

T3 24 18 84.77 19.57 56.70 124.30 73.05 79.95 91.78 < 0.001

T3 48h 18 138.60 191.35 53.80 899.00 78.00 89.60 127.25

Free T3 pre 18 2.54 0.67 1.40 4.30 2.30 2.60 2.90

Free T3 intra 18 2.14 0.82 0.50 4.10 1.60 2.35 2.60

Free T3 24 18 1.72 0.65 0.60 2.80 1.30 1.75 2.15 < 0.001

Free T3 48h 18 1.73 0.76 0.50 3.10 1.10 1.90 2.15
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Table 4. Comparison between the moments of simultaneous observation for total T4, free T4 and TSH.

Block of variables n Average Standard Minimum Maximum  Quartile-25 Median  Quartile-75 Calculated
Deviation significanceP)

T4 pre 18 9.96 3.23 6.00 20.50 8.08 9.45 10.90

T4 intra 18 8.27 2.20 4.70 13.00 6.58 8.30 10.00

T4 24 18 7.80 2.11 4.90 12.10 6.00 7.55 9.40 < 0.001
T4 48h 18 8.35 2.11 5.00 13.90 7.08 8.25 9.70

Free T4 pre 18 1.36 0.29 0.90 1.80 1.10 1.30 1.70

Free T4 intra 18 1.44 0.37 1.00 2.30 1.18 1.40 1.53

Free T4 24h 18 1.14 0.23 0.80 1.70 0.98 1.10 1.25 < 0.002
Free T4 48h 18 1.24 0.23 1.00 1.70 1.08 1.20 1.40

TSH pre 18 3.04 2.00 0.20 7.90 1.40 2.75 4.55

TSH intra 18 2.85 2.06 0.30 6.90 1.25 2.50 3.83

TSH 24 18 1.69 1.90 0.30 8.60 0.68 1.25 1.95 < 0.157
HRT 48h 18 2.30 1.87 0.10 8.90 1.45 2.00 2.75

Table 5. Comparison between the moments of simultaneous observation for serum creatinine.

Block of variables n Average Standard Minimum Maximum  Quartile-25 Median  Quartile-75 Calculated
Deviation significance(P)
Creatinine pre 18 1.31 0.55 0.70 2.93 0.95 1.22 1.48
Creatinine intra 18 1.18 0.44 0.59 2.54 0.86 1.18 1.38
Creatinine 24 18 1.21 0.35 0.63 1.91 1.04 1.20 1.43 < 0.281
Creatinine 48h 18 1.26 0.44 0.70 2.42 0.91 1.11 1.49
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Fig. 3 - Comparison between two moments for total T3, free T3, total T4, free T4 and TSH

DISCUSSION

Despite some technical advantages of the use of CPB in
CABG sugery, its inflammatory effects should be
systematically taken into account to obtain a satisfactory
postoperative result.

The inherent systemic inflammatory response to CPB is
responsible for a variety of organic changes, among them
the inadequacy of serum total protein and albumin, serum
imbalance of thyroid hormones and qualitative and
guantitative changes regarding total leukocytes,
neutrophils and platelets [6,7].

The interaction between neutrophils and the
endothelium depends on the action of some integrins and
cell adhesion molecules such as ICAM-1[8]. Chen et al. [2]
in 2004, demonstrated, through clinical study involving
patients undergoing cardiac surgery with CPB, that the
release of inflammatory substances during CPB corrupts
the transendothelial migration of leukocytes and platelets,
with subsequent disordered displacement of these cells to
the tissues.

The results of our study revealed that there was
significant activation and increase in the number of total
leukocytes and neutrophils during CPB, so that this
condition was detected soon after the CPB, remaining so
until 48 hours postoperativelyhe comparative analysis
between the total number of leukocytes and neutrophils, in

the preoperative was significantly lower than the respective
values found after weaning from CPB, but also with 24 and
48 hours postoperativelyhe total number of platelets, in
turn, was characterized by significant decrease after the
CPB, but also in the two periods of postoperative
observation, when compared with the total platelet
documented in the preoperative phase. It should be noted,
therefore, that the transendothelial migration of platelets
from the circulation to the tissues occurred as early as
possible in relation to total leukocytes and neutrophils.

Data recently obtained from an experimental study
developed by Okamura et al. [9] showed that ischemia-
reperfusion and the resulting inflammatory effects of CPB
are determinant in the impairment of vascular permeability
and viability of organic barriers such as the blood brain
barrier The immediate consequence of this dysfunction is
significant change in serum total protein and albumin in
relation to their concentration in other body fluids.

It was noted in our stugdyhat the serum concentration
of total protein after the CPB, and at both time postoperative
observation points was significantly lower compared to
levels found in the preoperative period. Howethex serum
concentration of total protein with documented at 48 hours
after surgery is considerably higher than the corresponding
value identified soon after the CPB and 24 hours
postoperativelyThis latter finding allows us to infer that
the process of recovery and stabilization of serum total
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protein after CABG with CPB, tends to start from the second
day after sugery With respect to albumin, its serum
concentration after the CPB, and at both time points of
postoperative observation was significantly lower
compared to levels found in the preoperative period.
However serum albumin documented 48 hours afteyexyr

was not relevant to the immediate post-CPB and 24 hours
postoperative, denoting that the process of recovery of
serum albumin concentration was not established until the
second postoperative day

Changes in renal function after CABG with CPB are
emphasized in some studies. Endothelial injury that is
stablished within the renal arteries and glomeruli is the main
issue of this complication [10,11]. Our results showed
stability of serum creatinine over the four periods of
observation, noting not even significant differences
between the studied moments, when taken as pairs. This
finding tends to be greatly influenced by the duration of
CPB and this may have been the factor that, in our study
did not promote significant changes in renal function.

The main studies correlating inflammatory effects of
CPB with thyroid hormone levels revealed that the fractions
of total and free T3 (triiodothyronine) tend to decrease in
the post-CPB, whereas the concentrations of TSH (thyroid
stimulating hormone), T4 (total thyroxine) and free T4 levels
tend to remain stable. It has been assigned to this standard
of hormonal variation, the concept of euthyroid syndrome.
The most important pathophysiological mechanism in the
occurrence of this profile is the thyroid hormone molecule
reduced conversion of T4 to T3 the active component [12-
14].Taylor et al. [15] have gued, since the late 70s of last
century that some aspects inherent to CPB may contribute
to the changes of the thyroid hormone profile, such as
hemodilution, hypothermia, and nonpulsatile fl&imong
these, the most noted in the literature as effectively
determining has been the nonpulsatile fi®ri et al. [16]
have shown that changes in thyroid hormone levels are
likely to detect the immediate postoperative period, since
at this stage, there is an active state of catabolism associated
with high rates of oxygen consumption [17-20]. Some
authors have postulated that the decrease in thyroid
hormones in the post-CPB favors the occurrence of global
myocardial dysfunction and arrhythmias, especially atrial
fibrillation [21-25].

In our studythere was marked decrease in serum total
T3 and free T3, especially through the first 24 hours
postoperativelySimilarly, we observed a similar pattern as
the serum total'4. Howeverregarding the free fraction of
T4, the results did not show the same pattern, since there
was stability of their serum levels immediately after
cessation of CPB and only significant decrease in the first
24 hours postoperatively

Given the results, this study provided information that
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attest to the impact of the use of CPB in CABCgsuy,

with respect to some biochemical, hormonal and cellular
parameters. The results allow us to suggest that in coronary
artery bypass grafts, the inflammatory effects of CPB
include activation of leukocytes, neutrophils and platelets,
reduction in serum total protein and albumin and decreased
serum levels of thyroid hormones, especially in first 24
hours postoperatively
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