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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 off
CPB, 24 and 48 hours postoperatively. Friedman and Wilcoxon
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 postoperatively. Total
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

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.
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Resumo
Objetivo: Avaliar repercussões bioquímicas, hormonais e
celulares decorrentes do emprego de circulação extracorpórea
(CEC) em cirurgia de revascularização miocárdica.
Métodos: Dezoito pacientes foram submetidos à cirurgia
de revascularização miocárdica com emprego de CEC. A
duração média da CEC foi de 80,3 minutos. Dosagens
hormonais, bioquímicas e celulares foram realizadas nos
seguintes tempos: pré-operatório, logo após a saída de CEC,
24 horas e 48 horas de pós-operatório. Os testes de Friedman
e Wilcoxon foram aplicados, considerando-se o nível de
significância 5%.
Resultados: Houve ativação e elevação significante do
número de leucócitos totais e neutrófilos durante o período
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de CEC, de tal forma que esta condição foi detectada logo
após a saída de CEC, mantendo-se assim até 48 horas de
pós-operatório. O número total de plaquetas, por sua vez,
caracterizou-se por decréscimo relevante logo após a saída
de CEC, como também nos dois momentos pós-operatórios
de observação. A concentração sérica de proteínas totais e
albumina, logo após a saída de CEC e nos dois momentos
pós-operatórios de observação, foi significativamente menor
em relação aos níveis encontrados no período pré-operatório.
Houve decréscimo acentuado dos níveis séricos de T3 total e
T3 livre, sobretudo até as primeiras 24 horas de pós-

operatório. De forma análoga, notou-se padrão semelhante
quanto aos níveis séricos de T4 total.
Conclusão: Em cirurgias de revascularização miocárdica,
os efeitos inflamatórios da CEC compreendem ativação de
leucócitos, neutrófilos e plaquetas, redução na concentração
sérica de proteínas totais e albumina e decréscimo dos níveis
séricos de hormônios tireoidianos, sobretudo, nas primeiras
24 horas de pós-operatório.

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
biochemical, hormonal and cellular processes, can be
corrupted by pathological events related to the CPB, such
as endothelial injury, ischemia-reperfusion, and especially
pronounced release of cytokines, adhesion molecules and
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 endothelium. As 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. Similarly, stimuli
derived from cell adhesion molecules promote the migration
and displacement of platelets from the circulation into the
various tissues [2,3].
In recent decades, some authors have assessed the
biochemical and hormonal effects related to CPB. With regard
to biochemical events, considerable emphasis has been given
to the serum concentration of total proteins, particularly
albumin, as these are essential in maintaining the balance
and colloid osmotic regulation of vascular permeability in
prime areas such as blood brain barrier. With respect to
hormone, thyroid hormones and its variability over the CPB
have been the target of the latest research preciput [4,5].
The aim of this study is to assess the impact of the use
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Descritores: Circulação extracorpórea. Revascularização
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of CPB in CABG, from the standpoint of the biochemical,
hormonal and cellular impact.
METHODS
After approval by the Ethics Committee of Federal
University of São Paulo, according to the Declaration of
Helsinki, 18 patients, 13 (72%) male and five (28%) females,
underwent myocardial revascularization using CPB (pump
driving roller type) on an elective basis. These patients
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
- thyroid stimulating hormone) and cellular dosage (total
leukocytes, neutrophils and platelets) were performed by
means of sampling of peripheral venous blood, at the
following times: preoperative (24 hours before the
procedure), after removal of CPB, 24 and 48 hours
postoperatively.
From the statistical point of view, we applied the
Friedman test to check possible differences between the
four moments of observation, and Wilcoxon Signed rank
test to identify the moments that differ from each other,
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when taken as pairs. It was adopted the significance level
of 5% for implementation of these tests. SPSS (Statistical
Package for Social Sciences), in its version 13.0 was used
to obtain the results.

correlations between different times, taken as pairs, and
were relevant to the respective variables. Based on this
final step of statistical analysis, we can effectively
understand the behavior and the evolutionary course of
biochemical, hormonal and cellular variables, from
preoperative up to 48 hours postoperatively. Figures 1-3
illustrate these correlations between different times, in pairs,
but also the significance levels found.
There was significant rise of total leukocyte and
neutrophil counts in the postoperative, unlike the total count
of platelets, which showed considerable decrease in those
moments of observation. The serum concentration of total
protein and albumin was characterized by decreasing levels
in the postoperative, with the stabilization of the total protein
levels occurring as early as possible in relation to levels of
albumin. We noticed significant decrease in levels of thyroid
hormones, particularly in the first 24 hours postoperatively.

RESULTS
The information contained in Tables 1-5 result from the
application of the Friedman test, and the data are expressed
as mean value, standard deviation, minimum and maximum
values, median, quartiles and significance level. It’s
important to note that these tables provide substrates for
the simultaneous comparison of the four moments of
observation considered in this research.
In cases where the Friedman test showed significant
differences between the four times studied, we applied the
test of Wilcoxon Signed rank test, which aims to define

Table 1. Comparison between the moments of simultaneous observation for total leukocytes, neutrophils and platelets.
Block of variables
n
Standard
Minimum
Maximum
Quartile 25
Median
Quartile 75
Average
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

leukocytes pre
leukocyte intra
leukocytes 24h
leukocytes 48h
Neutrophils pre
Neutrophils intra
Neutrophils 24h
Neutrophils 48h
Platelet pre
Platelet intra
Platelet 24
Platelet 48h

18
18
18
18
18
18
18
18
18
18
18
18

7.369.44
11.507.22
13.738.33
12.966.67
7.927.22
9.342.78
11.646.67
10.607.11
244.444.44
166.277.78
160.994.44
160.994.44

Deviation
2.629.74
2.090.00
5.950.92
2.930.00
3.763.50
7.990.00
3.933.52
8.060.00
13.646.36
690.00
5.258.52
1.140.00
3.926.20
6.310.00
4.655.99
858.00
76.814.69 130.000.00
62.520.40 85.000.00
59.754.86 73.000.00
63.178.99 83.000.00

12.450.00
21.100.00
23.980.00
23.320.00
62.000.00
19.620.00
23.260.00
20.990.00
385.000.00
311.000.00
305.000.00
306.000.00

5.980.00
6.940.00
10.655.00
10.290.00
3.920.00
5.240.00
8.920.00
8.145.00
177.750.00
117.000.00
122.250.00
129.250.00

7.180.00
9.255.00
13.680.00
12.410.00
4.670.00
8.225.00
11.480.00
9.515.00
247.000.00
160.000.00
142.500.00
147.500.00

Table 2. Comparison between the moments of simultaneous observation for total protein and albumin.
Block of variables
n
Standard
Minimum
Maximum
Quartile 25
Median
Average
Total
Total
Total
Total
Total
Total
Total
Total

protein pre
protein intra
protein 24
protein 48h
albumins pre
albumins intra
albumins 24h
albumins 48h

18
18
18
18
18
18
18
18

6.78
4.70
4.85
5.11
4.05
2.72
2.86
2.94

Deviation
0.88
0.90
0.58
0.68
0.56
0.53
0.39
0.37

5.00
2.80
3.20
3.20
2.80
1.70
2.00
1.80

7.90
6.20
5.70
6.40
4.90
3.60
3.50
3.50

6.03
4.30
4.58
4.88
3.73
2.33
2.68
2.80

7.00
4.85
5.00
5.10
4.10
2.75
2.90
3.00

Table 3. Comparison between the moments of simultaneous observation for total T3 and free T3.
n
Standard
Minimum
Maximum
Quartile 25
Median
Average

Block of variables
T3 pre
T3 intra
T3 24
T3 48h
Free T3 pre
Free T3 intra
Free T3 24
Free T3 48h

18
18
18
18
18
18
18
18

134.46
103.81
84.77
138.60
2.54
2.14
1.72
1.73

Deviation
32.31
37.18
19.57
191.35
0.67
0.82
0.65
0.76

61.70
51.90
56.70
53.80
1.40
0.50
0.60
0.50

190.30
187.30
124.30
899.00
4.30
4.10
2.80
3.10

113.33
79.68
73.05
78.00
2.30
1.60
1.30
1.10

130.85
101.10
79.95
89.60
2.60
2.35
1.75
1.90

9.190.00
18.002.50
15.275.00
13.825.00
6.520.00
13.897.50
12.807.50
12.522.50
307.750.00
201.500.00
209.750.00
223.500.00

Quartile 75
7.50
5.33
5.13
5.40
4.40
3.20
3.03
3.13

Quartile 75
161.18
122.10
91.78
127.25
2.90
2.60
2.15
2.15

Calculated
significance (P)

< 0.001

< 0.001

< 0.001

Calculated
significance (P)

< 0.001

< 0.001

Calculated
significance (P)

< 0.001

< 0.001
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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

T4 pre
T4 intra
T4 24
T4 48h
Free T4 pre
Free T4 intra
Free T4 24h
Free T4 48h
TSH pre
TSH intra
TSH 24
HRT 48h

18
18
18
18
18
18
18
18
18
18
18
18

9.96
8.27
7.80
8.35
1.36
1.44
1.14
1.24
3.04
2.85
1.69
2.30

Standard
Deviation
3.23
2.20
2.11
2.11
0.29
0.37
0.23
0.23
2.00
2.06
1.90
1.87

Minimum

Maximum

Quartile-25

Median

Quartile-75

6.00
4.70
4.90
5.00
0.90
1.00
0.80
1.00
0.20
0.30
0.30
0.10

20.50
13.00
12.10
13.90
1.80
2.30
1.70
1.70
7.90
6.90
8.60
8.90

8.08
6.58
6.00
7.08
1.10
1.18
0.98
1.08
1.40
1.25
0.68
1.45

9.45
8.30
7.55
8.25
1.30
1.40
1.10
1.20
2.75
2.50
1.25
2.00

10.90
10.00
9.40
9.70
1.70
1.53
1.25
1.40
4.55
3.83
1.95
2.75

Calculated
significance (P)
< 0.001

< 0.002

< 0.157

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

n

Average

Creatinine
Creatinine
Creatinine
Creatinine

18
18
18
18

1.31
1.18
1.21
1.26

pre
intra
24
48h

Standard
Deviation
0.55
0.44
0.35
0.44

Minimum

Maximum

Quartile-25

Median

Quartile-75

0.70
0.59
0.63
0.70

2.93
2.54
1.91
2.42

0.95
0.86
1.04
0.91

1.22
1.18
1.20
1.11

1.48
1.38
1.43
1.49

Fig. 1 - Comparison between two moments for total leukocytes,
neutrophils and platelets
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Calculated
significance (P)
< 0.281

Fig. 2 - Comparison between two moments for total protein and
albumin
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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 surgery, 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
quantitative 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 postoperatively. The 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 postoperatively. The 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 ischemiareperfusion 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 study, that 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. However, the 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
postoperatively. This 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 surgery. 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 after surgery
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 [1214]. Taylor et al. [15] have argued, 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 flow. Among
these, the most noted in the literature as effectively
determining has been the nonpulsatile flow. Ohri 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 study, there was marked decrease in serum total
T3 and free T3, especially through the first 24 hours
postoperatively. Similarly, we observed a similar pattern as
the serum total T4. However, regarding 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

attest to the impact of the use of CPB in CABG surgery,
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.

530

REFERENCES
1. Mota AL, Rodrigues AJ, Évora PRB. Circulação extracorpórea
em adultos do século XXI. Ciência, arte ou empirismo? Rev
Bras Cir Cardiovasc. 2008;23(1):78-92.
2. Chen YF, Tsai WC, Lin CC, Tsai LY, Lee CS, Huang CH, et al.
Effect of leukocyte depletion on endothelial cell activation and
transendothelial migration of leukocytes during cardiopulmonary
bypass. Ann Thorac Surg. 2004;78(2):634-42.
3. Gu YJ, de Vries AJ, Boonstra PW, van Oeveren W. Leukocyte
depletion results in improved lung function and reduced
inflammatory response after cardiac surgery. J Thorac
Cardiovasc Surg. 1996;112(2):494-500.
4. Schultz S, Creed J, Schears G, Zaitseva T, Greeley W, Wilson
DF, et al. Comparison of low-flow cardiopulmonary bypass
and circulatory arrest on brain oxygen and metabolism. Ann
Thorac Surg. 2004;77(6):2138-43.
5. Eggum R, Ueland T, Mollnes TE, Videm V, Fiane AE, Aukrust
P, et al. Perfusion temperature, thyroid hormones and
inflammation during pediatric cardiac surgery. Interact
Cardiovasc Thorac Surg. 2010;10(1):76-80.
6. Murzi B, Iervasi G, Masini S, Moschetti R, Vanini V, Zucchelli
G, et al. Thyroid hormones homeostasis in pediatric patients
during and after cardiopulmonary bypass. Ann Thorac Surg.
1995;59(2):481-5.

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

7. Laursen H, Bødker A, Andersen K, Waaben J, Husum B. Brain
oedema and blood-brain barrier permeability in pulsatile and
nonpulsatile cardiopulmonary bypass. Scand J Thorac
Cardiovasc Surg. 1986;20(2):161-6.

17. Cerillo AG, Bevilacqua S, Storti S, Mariani M, Kallushi E,
Ripoli A, et al. Free triiodothyronine: a novel predictor of
postoperative atrial fibrillation. Eur J Cardiothorac Surg.
2003;24(4):487-92.

8. Francischetti I, Moreno JB, Scholz M, Yoshida WB. Os
leucócitos e a resposta inflamatória na lesão de isquemiareperfusão. Rev Bras Cir Cardiovasc. 2010;25(4):575-84.

18. Sabatino L, Cerillo AG, Ripoli A, Pilo A, Glauber M, Iervasi
G. Is the low tri-iodothyronine state a crucial factor in
determining the outcome of coronary artery bypass patients?
Evidence from a clinical pilot study. J Endocrinol.
2002;175(3):577-86.

9. Okamura T, Ishibashi N, Zurakowski D, Jonas RA.
Cardiopulmonary bypass increases permeability of the bloodcerebrospinal fluid barrier. Ann Thorac Surg. 2010;89(1):187-94.
10. Litmathe J, Kurt M, Feindt P, Gams E, Boeken U. The impact
of pre- and postoperative renal dysfunction on outcome of
patients undergoing coronary artery bypass grafting (CABG).
Thorac Cardiovasc Surg. 2009;57(8):460-3.
11. Antunes PE, Prieto D, Ferrão de Oliveira J, Antunes MJ.
Renal dysfunction after myocardial revascularization. Eur J
Cardiothorac Surg. 2004;25(4):597-604.
12. Chu SH, Huang TS, Hsu RB, Wang SS, Wang CJ. Thyroid
hormone changes after cardiovascular surgery and clinical
implications. Ann Thorac Surg. 1991;52(4):791-6.
13. Holland FW 2nd, Brown PS Jr, Weintraub BD, Clark RE.
Cardiopulmonary bypass and thyroid function: a "euthyroid
sick syndrome". Ann Thorac Surg. 1991;52(1):46-50.
14. Velissaris T, Tang AT, Wood PJ, Hett DA, Ohri SK. Thyroid
function during coronary surgery with and without
cardiopulmonary bypass. Eur J Cardiothorac Surg.
2009;36(1):148-54.
15. Taylor KM, Bain WH, Maxted KJ, Hutton MM, McNab
WY, Caves PK. Comparative studies of pulsatile and
nonpulsatile flow during cardiopulmonary bypass. I. Pulsatile
system employed and its hematologic effects. J Thorac
Cardiovasc Surg. 1978;75(4):569-73.
16. Ohri SK, Becket J, Brannan J, Keogh BE, Taylor KM. Effects
of cardiopulmonary bypass on gut blood flow, oxygen utilization,
and intramucosal pH. Ann Thorac Surg. 1994;57(5):1193-9.

19. Pearce EN, Yang Q, Benjamin EJ, Aragam J, Vasan RS. Thyroid
function and left ventricular structure and function in the
Framingham Heart Study. Thyroid. 2010;20(4):369-73
20. Cerillo AG, Storti S, Clerico A, Iervasi G. Thyroid function
and cardiac surgery: what should we measure, and when? Ann
Thorac Surg. 2010;89(3):1010-1.
21. Tineli RA, Silva Jr JR, Luciano PM, Rodrigues AJ, Vicente
WVA, Évora PRB, et al. Fibrilação atrial e cirurgia cardíaca:
uma história sem fim e sempre controversa. Rev Bras Cir
Cardiovasc. 2005;20(3):323-31.
22. Hijazi EM. É hora de adotar a cirurgia de revascularização do
miocárdio com o coração batendo? Revisão de literatura. Rev
Bras Cir Cardiovasc. 2010;25(3):393-402.
23. Ribeiro NAM, Stolf NAG, Silva Junior AF, Viana VJC,
Carvalho EN, Athanázio R, et al. Efeito do azul de metileno
na resposta inflamatória e hemodinâmica em pacientes
submetidos à cirurgia de revascularização miocárdica com
circulação extracorpórea. Rev Bras Cir Cardiovasc.
2004;19(1):17-23.
24. Moura HV, Pomerantzeff PMA, Gomes WJ. Síndrome da
resposta inflamatória sistêmica na circulação extracorpórea:
papel das interleucinas. Rev Bras Cir Cardiovasc.
2001;16(4):376-86.
25. Brasil LA, Gomes WJ, Salomão R, Fonseca JHP, Branco JNR,
Buffolo E. Uso de corticóide como inibidor da resposta
inflamatória sistêmica induzida pela circulação extracorpórea.
Rev Bras Cir Cardiovasc 1999;14(3):254-68.

531

