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Production of Reactive Oxygen Species and Antioxidant
Defense Systems in Patients after Coronary Artery Bypass

Grafting: One-Week Follow-up Study*

K. Dan∨ ová1, I. Pechán∨ 1, I. Olejarova1, V. Fischer1, H. Minárová1, A. Dobisova2, L. Halc∨ák2

Objectives: Great cardiac surgery performed with cardiopulmonary bypass is associated with systemic inflammatory response which is characterised
by an extensive overproduction of reactive oxygen species, too. This oxidative stress draws off the endogenous stores of antioxidant systems and
usually evokes a decrease of antioxidant status of the organism. According to the recent observations, the new off-pump method is less harmful and
evokes only moderate systemic inflammatory reaction.
Aim of study: Follow-up of patients with low and high left ventricular ejection fraction undergoing on-pump or off-pump cardiac surgery (coro-
nary artery bypass grafting) in course of the first postoperative week.
Patients and methods: Forty-one patients were divided in four groups according to their left ventricular function (patients with low or high left
ventricular ejection fraction) and to the surgical technique used (with or without cardiopulmonary bypass). Immediately before surgery and in
course of the first postoperative week, samples of central venous line were drawn and some parameters of oxidative metabolism were analysed:
plasma levels of total antioxidant status (TAS) and thiobarbituric acid reactive substances (TBARS) as well as the erythrocyte activities of
superoxide dismutase (SOD) and glutathione peroxidase (GPx).
Results: Patients undergoing surgical myocardial revascularisation - regardless of the grade of their cardiac dysfunction or of the kind of surgical
technique used – revealed a marked decrease of TAS even at the preoperative period that did not change substantially during the early postoperative
period. In the group of patients with high left ventricular ejection fraction a tendency to further decrease of plasma levels of TAS was observed.
Despite of negligible changes of the plasma levels of TBARS, during the short postoperative period markedly decreased activities of SOD and only
non-significantly increased activities of GPx were demonstrated in the whole cohort of investigated patients.
Conclusions: Patients with coronary artery disease undergoing surgical revascularisation (coronary artery bypass grafting) revealed a marked
decrease of antioxidant capacity before and after surgical event. The extensive treatment of these patients with antioxidant drugs and vitamins was
recommended even in the preoperative period. J Clin Basic Cardiol 2005; 8: 33–6.
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 M ore or less expressive systemic inflammatory response
is a regular pathophysiological reaction which is pre-

dominantly due to cardiopulmonary bypass (CPB) (on-pump
technique) used in great cardiac surgery [1]. Nevertheless,
there are also many other adverse events associated with this
on-pump-technique – increased infection-related morbidity
as well as neurologic, renal, and pulmonary dysfunctions [2].
Cardioplegia and subsequent reperfusion of the ischaemised
heart evoke ischaemia-reperfusion injury and systemic in-
flammation response which are associated with increased pro-
duction of cytotoxic reactive oxygen species (ROS). It has
been demonstrated that this kind of substances may have
some deleterious effects on heart function and that this nega-
tive influence of ROS can be attenuated by an increase of
effective antioxidant defense of patient’s organism [3].

Recently, some authors demonstrated that a novel method –
cardiac surgery on beating heart which is performed without
cardiopulmonary bypass (off-pump technique) – is generally
considered – in comparison with the on-pump method – as
more safe and less harmful for the patient with very low de-
gree of postoperative morbidity and mortality [2, 4, 5]. Ben-
efit of off-pump operation for CABG was also demonstrated
by markedly lower levels of troponin T and CK-MB compar-
ed with the on-pump technique [6, 7]. Among the most im-
portant advantages of off-pump cardiac surgery is the allevia-
tion of systemic inflammatory response which belongs to the
deleterious concomitant events in patients undergoing car-

diac operations [8, 9]. Although operative trauma in off-
pump surgery performed by full median sternotomy is simi-
lar to conventional on-pump technique, the ischaemia-
reperfusion injury is considered to be reduced and some
contact between cellular and humoral blood components
and arteficial surfaces of extracorporeal circulation circuit is
missing. This fact is important, since both last mentioned
events are associated with leukocyte and endothelial activa-
tion as factors involved in the development of systemic in-
flammation response syndrome. Activated neutrophils
through NADPH-oxidase systems and activity of myelo-
peroxidase generate ROS causing extracellular damage in or-
der to facilitate migration of neutrophils into tissues [10, 11].

Recently, some authors have demonstrated a beneficial effect
of off-pump coronary artery surgery in high-risk patients
with low left ventricle function and in elder group of patients
[12, 13]. Advantages of off-pump technique used in these
patients were manifested by significant shorter ICU stay, bet-
ter preservation of the renal function and reduction of the
lenght of hospital stay in comparison with the CABG surgery
performed with CPB [14].

The aim of the current study was to compare some biochemi-
cal parameters of oxidative stress and antioxidant defense sys-
tems in patients with high and low left ventricular function
undergoing coronary artery surgery with and without cardio-
pulmonary bypass. Until now, these parameters were ana-

ORIGINAL PAPERS, CLINICAL CARDIOLOGY

For personal use only. Not to be reproduced without permission of Krause & Pachernegg GmbH.



J Clin Basic Cardiol 2005; 8: 34  Antioxidant Capacity of Patients After Cardiac Surgery

ORIGINAL PAPERS, CLINICAL CARDIOLOGY

lysed only during the operation and immediately after wean-
ing of CPB. In this study we have concentrated our attention
to the early postoperative period, since possible continuation
of further increase in the production of ROS and the impair-
ment of antioxidant could be of importance for the intensifi-
cation of systemic inflammatory response and for some dis-
turbances due to ischaemia-reperfusion injury.

Patients and Methods
Forty-one patients indicated for elective coronary surgery
were included in this study. According to the previous exact
clinical investigation patients were divided into four groups:
patients with very low left ventricular ejection fraction (LVEF)
undergoing coronary artery bypass grafting (CABG) by on-
pump or off-pump technique and patients with high LVEF
undergoing the same kinds of cardiosurgery. Clinical and
perioperative characteristics of these patients are shown in
Table 1.

Patients were pretreated and on-pump and off-pump cardiac
surgery were performed by standard schedule and operative
techniques used in our institute and described in our previ-
ous paper [15].

Twenty-four individuals without any clinical documented
cardiovascular, hepatic or renal disturbances were investi-
gated as control group (group C).

Samples of venous blood were collected immediately before
surgery and then at the first, third, fifth, and seventh days of
the early postoperative hospital stay of patients. Blood sam-
ples in plastic tubes containing lithium salt of heparin were
immediately centrifuged in a refrigerated centrifuge (3,000 g
– 5 minutes at 4 °C), blood plasma and pre-washed erythro-
cytes were then stored in a refrigerator at –20 °C until assay.

In the collected samples the following biochemical markers
of reactive oxygen species (ROS) and antioxidant defense
systems were estimated:

• plasma thiobarbituric reactive substances (TBARS) as re-
presentatives of ROS (on the basis of malondialdehyde
concentration) [16]

• plasma total antioxidant status (TAS) (diagnostic set of
RANDOX Laboratories, Ltd, U.K.)

• erythrocyte superoxide dismutase (SOD) activity (diag-
nostic set of RANDOX Laboratories, Ltd, U.K.)

• erythrocyte glutathione peroxidase (GPx) activity (diag-
nostic set of RANDOX Laboratories, Ltd, U.K.)

Plasma levels of TBARS and TAS were calculated with re-
spect to the standard haematocrit value of 0.40. Erythrocyte
activities of SOD a GPx were expressed in IU per gram of
haemoglobin.

Data are presented as arithmetic means of individual meas-
ured values and their standard errors (S.E.M.) and statisti-
cally evaluated by two-tailed unpaired t-test (Statgraphics).

Results
There were no significant peri- and postoperative complica-
tions in any group of operated patients. After CABG the
LVEF value raised significantly in the group of low-LVEF pa-
tients operated with off- as well as on-pump technique by
29 % (p < 0.05) and 37 %, resp. (p < 0.01). In the groups of
patients with a high LVEF the postoperative LVEF values
were not substantially different in respect to the preoperative
values regardless of the operative technique used (Table 1).

Comparing the values of biochemical parameters in control
group of individuals, a significant decreased level of TAS in
all four groups of operated patients were demonstrated not
only preoperatively (Table 2), but also in course of the first
postoperative week without any tendency to draw closer to
the control values (Table 3). On the other hand, we had
found no significant differences in the TBARS levels of oper-
ated patients neither preoperatively nor in the course of early
postoperative period (Table 4).

Table 1.     Clinical characteristics of patients     with     low and high left ventricular ejection fraction (LVEF) undergoing     coronary artery bypass
grafting with or without cardiopulmonary bypass (CPB)

Low LVEF High LVEF
– CPB + CBP – CPB + CPB

Patients (n) 9 8 10 14
Age (years) 58.6 ± 3.86 56.0 ± 2.04 52.6 ± 3.88 64.1 ± 2.19
N.Y.H.A. classification 4-III, 5-IV 4-III, 4-IV 4-II, 6-III 4-II,9-III,1-IV
LVEF (%) before 23.7 ± 2.06 25.1 ± 0.78 57.1 ± 2.29 50.8 ± 1.78

after 30.6 ± 2.75x 34.4 ± 1.98xx 54.4 ± 2.88 53.4 ± 1.94
CPB (min) – 84.7 ± 6.83 – 62.9 ± 5.11x

Ao-cross clamp (min) – 46.7 ± 3.49 – 38.6 ± 3.64
Grafts (n) 1.25 ± 0.02 3.13 ± 0.30 1.10 ± 0.01 2.79 ± 0.21

Statistical significance – LVEF before vs. after surgery or CPB low LVEF vs. high LVEF: x p < 0.05, xx p < 0.001

Table 2.     Plasma levels of total antioxidant status (TAS) and thiobarbituric acid reactive substances (TBARS) as well as erythrocyte activities of
superoxide dismutase (SOD) and glutathione peroxidase (GPx) in the control subjects (group C) and in patients with low and high left ventricular
ejection fraction (LVEF) before cardiac surgery performed with or without cardiopulmonary bypass (CPB)

Group C Low LVEF High LVEF
+ CPB – CPB + CPB – CPB

TAS (mmol/l) 1.83 ± 0.25 1.24 ± 0.13a 1.05 ± 0.09a 1.02 ± 0.05b 1.14 ± 0.13a

TBARS (mmol/l) 2.05 ± 0.09 2.42 ± 0.24 2.17 ± 0.24 2.28 ± 0.32 2.44 ± 0.24
SOD (IU/g Hb) 670.8 ± 20.93 N.E.544.8 ±18.72b 528.0 ± 21.54c 537.3 ± 30.02b

GPx (IU/g Hb) 40.3 ± 3.98 38.8 ± 3.08 43.6 ± 3.96 44.8 ± 2.94 48.5 ± 2.94

N.E. – not estimated; Statistical significance vs. group C: a p < 0.05, b p < 0.01, c p < 0.001
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Unlike the non-significant changes of erythrocyte GPx activ-
ity (Table 5), a highly significant decrease of erythrocyte SOD
activity in the three groups of patients (in patients with very
low LVEF undergoing off-pump operation this parameter was
not estimated) even preoperatively and also in the early post-
operative period in comparison with the SOD activity in con-
trol subjects (Table 6) was found.

Discussion
Generally, off-pump cardiac surgery belongs now to the very
often used methods for coronary artery bypass grafting. Sev-
eral authors demonstrated that this method – compared with
the on-pump technique – is more safe and has many advan-
tages especially in elder high-risk patients: it is associated
with less postoperative complications and the majority of pa-
tients operated with off-pump technique have also a shorter
ICU and hospital stay [14, 17–19]. On the other hand, the
myocardial revascularisation of patients operated with off-
method is more incomplete and this fact might be a future
disadvantage [20]. Our presented data have confirmed this
ascertainment: in the group of off-pump operated patients,
the number of distal anastomoses was significantly lower
compared with the patients undergoing coronary artery by-
pass grafting using cardiopulmonary bypass. In our study
only one to two coronary artery bypass grafts were performed
in the majority of patients operated by off-pump technique,
regardless to their preoperative left ventricular function.

Reduction of ischaemia-reperfusion injury and blood circu-
lation without contact with arteficial surfaces which is ob-
ligatory in on-pump method belong to the main merits of
off-pump cardiac surgery. This situation is responsible for
the decreased systemic antiinflammatory response of the or-
ganism and could be also one of the factors for decline of the
ROS production by activated neutrophils and other compe-
tent cells. Therefore, we have turned our attention to the
substances that represented the production of ROS and also
to the pool of antioxidant defense systems of patients with
different left ventricular function undergoing on-pump or
off-pump coronary artery bypass grafting. These parameters
– especially the production of lipid peroxides – have been al-
ready analysed by various authors, but only perioperatively

Table 3.     Total antioxidant status (mmol/l) of patients with low and
high left ventricular ejection fraction (LVEF) undergoing coronary artery
bypass grafting (CABG) surgery with and without cardiopulmonary
bypass (CPB) in the course of early postoperative period

Days after Low LVEF High LVEF
CABG + CPB  – CPB + CPB – CPB

1 1.32 ± 0.13 1.13 ± 0.12 1.09 ± 0.04 0.90 ± 0.03
3 1.17 ± 0.12 1.27 ± 0.11 1.11 ± 0.04 0.91 ± 0.04
5 1.10 ± 0.08 1.16 ± 0.13 1.01 ± 0.05 0.87 ± 0.01
7 1.18 ± 0.09 1.05 ± 0.10 0.94 ± 0.05 0.91 ± 0.03

Table 4.     Plasma levels of thiobarbituric acid reactive substances
(mmol/l) in patients with low and high left ventricular ejection fraction
(LVEF) undergoing coronary artery bypass grafting (CABG) surgery
with and without cardiopulmonary bypass (CPB) in the course of early
postoperative period

Days after Low LVEF High LVEF
CABG + CPB  – CPB + CPB – CPB

1 2.16 ± 0.28 1.96 ± 0.15 2.16 ± 0.24 1.96 ± 0.31
3 2.24 ± 0.27 1.93 ± 0.22 2.22 ± 0.16 2.06 ± 0.26
5 2.30 ± 0.41 1.86 ± 0.17 2.24 ± 0.20 2.15 ± 0.14
7 2.22 ± 0.21 1.93 ± 0.23 2.28 ± 0.20 2.13 ± 0.17

and during the very early postoperative period. In our study,
the biochemical parameters of oxidative stress and of antioxi-
dant capacity were analysed from the first to the seventh days
after surgery. In all four groups of patients this time period
was not characterised by ongoing increased production of
ROS: during the seven days after surgery there were no sig-
nificant differences of TBARS levels in comparison with
their preoperative values and with the levels of this parameter
in the control subjects.

On the other hand, we have found highly significant decreas-
ed levels of TAS in all patients investigated already preopera-
tively and in the further postoperative period. This finding of
decreased antioxidant capacity of patients undergoing elec-
tive cardiac surgery aggreed with our previous results ob-
tained in patients with cardiomyopathies and in subjects be-
fore and after heart transplantation [21–23]. A decreased
level of TAS was associated with the significant decreased
erythrocyte superoxide dismutase activity, an enzyme that ca-
talyses the removal of superoxide anion. These findings call
attention on insufficient food intake of antioxidant sub-
stances in patients with moderate or severe impairment of
heart function which is associated with the presence of in-
creased oxidative stress.

Interestingly, we did not find any significant differences ei-
ther in the levels of TBARS or in antioxidant defense systems
in patients with very low and high left ventricular function
undergoing on-pump or off-pump coronary artery surgery.
We suggest that this situation reflects the long-lasting inad-
equate antioxidant reserves in the whole cohort of investi-
gated patients.

We conclude that the long-lasting increase in production of
reactive oxygen species in patients with cardiomyopathies
and heart failure significantly exhausted their antioxidant re-
serves which could be an additional mechanism in worsening
the course of present disease. Therefore, we propose to insert
the regular and sufficient intake of antioxidant substances
(i.e. antioxidant vitamins, coenzyme Q10) in the long-term
treatment schedule of these patients.

Table 6. Erythrocyte superoxide dismutase activity (IU/g Hb) in patients
with low and high left ventricular ejection fraction (LVEF) undergoing
coronary artery bypass grafting (CABG) surgery with and without
cardiopulmonary bypass (CPB) in the course of early postoperative
period

Days after Low LVEF High LVEF
CABG + CPB  – CPB + CPB – CPB

1 545.9 ± 25.95 N.E. 493.2 ± 26.04 540.5 ± 26.81
3 570.4 ± 19.66 N.E. 488.8 ± 29.21 555.4 ± 21.80
5 594.3 ± 31.04 N.E. 517.6 ± 19.49 555.8 ± 28.25
7 569.9 ± 33.11 N.E. 503.0 ± 30.83 554.7 ± 24.93

N.E. – not estimated

Table 5.     Erythrocyte glutathione peroxidase activity (IU/g Hb) in
patients with low and high left ventricular ejection fraction (LVEF)
undergoing coronary artery bypass grafting (CABG) surgery in the
course of early postoperative period

Days after Low LVEF High LVEF
CABG + CPB  – CPB + CPB – CPB

1 49.9 ± 6.07 38.4 ± 3.05 49.6 ± 3.11 50.9 ± 2.43
3 48.5 ± 4.66 45.4 ± 1.79 53.2 ± 2.94 56.2 ± 4.17
5 40.6 ± 4.84 52.5 ± 3.76 49.1 ± 2.10 49.1 ± 4.99
7 39.0 ± 1.63 48.2 ± 5.36 47.7 ± 2.85 48.8 ± 3.56



J Clin Basic Cardiol 2005; 8: 36  Antioxidant Capacity of Patients After Cardiac Surgery

ORIGINAL PAPERS, CLINICAL CARDIOLOGY

References:
1. Butler J, Rocker GM, Westaby S. Inflammatory response to cardiopulmonary

bypass. Ann Thorac Surg 1993; 55: 552–9.
2. Cleveland JC Jr, Shroyer ALW, Chen AY, Peterson E, Grover FL. Off-pump

coronary bypass grafting decreases risk-adjusted mortality and morbidity. Ann
Thorac Surg 2001; 72: 1282–9.

3. Hoeschen RJ. Oxidative stress and cardiovascular disease. Can J Cardiol 1997;
13: 1021–5.

4. Benetti FJ, Naselli G, Wood M, Geffner L. Direct myocardial revascula-
rization without extracorporeal circulation. Experience in 700 patients. Chest
1991; 100: 298–9.

5. Plomondon ME, Cleveland JC Jr, Ludwig ST, Grunwald GK, Kiefe CI,
Grover FL, Shroyer AL. Off-pump coronary artery bypass is associated with
improved risk-adjusted outcomes. Ann Thorac Surg 2002; 72: 114–9.

6. Krejca M, Skiba J, Szmagala P, Gburek T, Bochenek A. Cardiac troponin T
release during coronary surgery using intermittent cross-clamp with fibrilla-
tion, on-pump and off-pump beating heart. Eur J Cardiothorac Surg 1999;
16: 337–41.

7. Gulielmos V, Menschikowski M, Dill H, Eller M, Thiele S, Tugtekin SM,
Jaross W, Schueller S. Interleukin-1, interleukin-6 and myocardial enzyme
response after coronary artery bypass grafting – a prospective randomized
comparison of the conventional and three minimally invasive surgical tech-
niques. Eur J Cardiothorac Surg 2000; 18: 594–601.

8. Asimakopoulos G. Systemic inflammation and cardiac surgery: an update.
Perfusion 2001; 16: 353–60.

9. Menasché P. The systemic factor: the comparative roles of cardiopulmonary
bypass and off-pump surgery in the genesis of patient injury during and fol-
lowing cardiac surgery. Ann Thorac Surg 2001; 72: S2260–S2266.

10. Weiss SJ. Tissue destruction by neutrophils. N Engl J Med 1989; 320: 365–76.
11. Assimakopoulos G. Mechanisms of the systemic inflammatory response.

Perfusion 1999; 14: 269–77.
12. Arom KV, Flavin TF, Emery RW, Kshettry VR, Petersen RJ, Janey PA. Is low

ejection fraction safe for off-pump coronary bypass operation? Ann Thorac
Surg 2000; 70: 1021–5.

13. Arom KV, Emery RW, Flavin TF, Kshettry VR, Janey PA, Petersen RJ.
OPCAB surgery: a critical review of two different categories of preoperative
ejection fraction. Eur J Cardiothorac Surg 2000; 20: 533–7.

14. Van Bellenghem Y, Caes CE, Maene L, Van Overbeke H, Moerman A, Van
Nooten G. Off-pump coronary surgery: surgical strategy for the high risk pa-
tient. Cardiovasc Surg 2003; 11: 75–9.

15. Pechan I, Olejarova I, Danova K, Fischer V, Minarova H, Dobisova A, Halcak
L, Rendekova V, Gabauer I. Antioxidant status of patients after on-pump and
off-pump coronary artery bypass grafting. Bratisl Lek Listy 2004; 105: 91–4.

16. Yagi K. A simple fluorimetric assay for lipoperoxide in blood plasma. Biochem
Med 1976; 15: 212–6.

17. Puskas JD, Wright CE, Ronson RS, Brown WH 3rd, Gott JP, Guyton RA. Off-
pump multivessel coronary bypass via sternotomy is safe and effective. Ann
Thorac Surg 1998; 66: 1068–72.

18. Koutlas TC, Elbeery JR, Williams JM, Moran JF, Francalancia NA, Chitwood
WR Jr. Myocardial revascularization in the elderly using beating heart coro-
nary artery bypass surgery. Ann Thorac Surg 2000; 69: 1042–7.

19. Buffolo E, de Andrade CS, Branco JN, Teles CA, Aguiar LF, Gomes WJ.
Coronary artery bypass grafting without cardiopulmonary bypass. Ann
Thorac Surg 1996; 61: 63–6.

20. Sabik JF, Gillinov AM, Blackstone EH, Vacha C, Houghtaling PL, Navia J,
Smedira NG, McCarthy PM, Cosgrove DM, Lythe BW. Does off-pump coro-
nary surgery reduce morbidity and mortality? J Thorac Cardiovasc Surg 2002;
124: 698–707.

21. Pechán∨ I, Minárová H, Babušíková F, Rendeková V, Mizera S, Schrameková E,
Ursínyiová M, Fabián J. Parameters of oxidative stress in patients with cardio-
pathies (in Slovak). Bratisl Lek Listy 1996; 97: 344–7.

22. Dan∨vá K, Pechán∨ I, Goncalvesová E, Minárová H, Rendeková V, Halc∨ák L,
Fabián J. Antioxidant capacity of patients-candidates for heart transplantation
(in Slovak). Lek Obz 2002; 51: 134–6.

23. Pechán∨ I, Dan∨vá K, Olejarova I, Halc∨ák L, Rendeková V, Fabián J. Oxidative
stress and antioxidant defense systems in patients after heart transplantation.
Wien Klin Wochenschr 2003; 115: 648–51.



Mitteilungen aus der Redaktion

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschließlich an geprüfte 
und autorisierte medizinische Berufsgruppen und entbinden nicht von der ärztlichen Sorg-
faltspflicht sowie von einer ausführlichen Patientenaufklärung über therapeutische Optionen 
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den 
Autoren mit der größten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu überprüfen. Weder die Autoren, 
noch die tragenden Gesellschaften noch der Verlag übernehmen irgendwelche Haftungsan-
sprüche.

Bitte beachten Sie auch diese Seiten:

Impressum Disclaimers & Copyright Datenschutzerklärung

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.

Die Lieferung umfasst 4–5 Ausgaben pro Jahr zzgl. allfälliger Sonderhefte.

Unsere e-Journale stehen als PDF-Datei zur Verfügung und sind auf den meisten der markt-
üblichen e-Book-Readern, Tablets sowie auf iPad funktionsfähig.

 Bestellung e-Journal-Abo

Besuchen Sie unsere
zeitschriftenübergreifende Datenbank

 Bilddatenbank  Artikeldatenbank  Fallberichte

http://www.kup.at/impressum/index.html
http://www.kup.at/impressum/disclaimer.html
http://www.kup.at/impressum/datenschutz.html
http://www.kup.at/cgi-bin/gratis-abo.pl
http://www.kup.at/db/abbildungen.html
http://www.kup.at/db/index.html
http://www.kup.at/db/index.html
http://www.kup.at/abo/index.html

