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Objectives: Cardiopulmonary bypass (CPB) using a heart-lung machine to perform open-heart 

surgery is known to be associated with numerous pathophysiologic changes in body systems. 

Soon after beginning extracorporeal circulation, an activation process of certain plasma protein 

systems occurs as blood contacts the foreign surfaces of the cardiopulmonary bypass circuit. 

During cardiac surgery with CPB, there is a systemic inflammatory reaction involving an enhanced 

release of inflammatory cytokines. In this study, we investigated the occurrence of systemic 

inflammatory response syndrome (SIRS) and the mechanisms that lead to the protraction of 

SIRS in patients who are operated under CPB. Methods: Blood samples from 27 patients (12 

females and 15 males, aged 18-63 years) who underwent CPB were collected before and at 

several time points after surgery and analyzed for plasma levels of proinflammatory cytokines and 

white blood cells (WBC). Results: In patients with SIRS, the duration of CPB, interleukin-6 (IL-6) 

count, and WBC count after aortic declamping were significantly higher. The occurrence of SIRS 

was significantly correlated with the highest recorded level of IL-6 (OR 1.01, 95% CI 1.00-1.01, 

p<0.05) and the duration of CPB (r = 0.578, p<0.001). Conclusion: The study findings suggest 

that the duration of CPB and cytokinemia characterized by high IL-6 levels may play an important 

role in the development of the SIRS.
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Introduction

Inflammation is the body’s rapid, highly amplified, controlled 

humoral and cellular response to tissue injury [1]. To an 

organism triggered by extracorporeal circulation, one of the most 

important reactions is the systemic or generalized inflammatory 

response, formerly known as “post-perfusion syndrome”, 

“post-cardiotomy syndrome”, “homologous blood syndrome”, 

or “pump lung”. The term “systemic inflammatory response 

syndrome” (SIRS) has been proposed to describe the entry 

point of a spectrum that overlaps with normal postoperative 

physiology, a subject that has been studied in depth by Kirklin 

and several other authors [2-5]. 

The Society of Thoracic Surgeons’ database registers that 
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20% of preoperative “low-risk” patients develop postoperative 

complications, risk levels being determined according to 

Euroscore. A frequent complication of SIRS is the development 

of organ dysfunction, which includes acute lung injury, shock, 

renal failure, and multiple organ dysfunction syndromes. The 

incidence of multiple organ dysfunction syndrome following 

cardiopulmonary bypass is 11% with a mortality rate of 41% [6]. 

The activation of the acute phase reaction during 

cardiopulmonary bypass (CPB) is an extremely complex process. 

It occurs at different times and has various triggers: the surgical 

trauma itself, blood contact with nonphysiological surfaces of 

the extracorporeal circuit, endotoxemia, and ischemia. Several 

mediators which are involved in this complex mechanism exert 

synergistic effects, thereby amplifying this process [7]. Plasma 

interleukin (IL)-6 may play an important role in the development 

of SIRS [8]. Research has found that IL-6 level are significantly 

elevated one hour after initiation of CPB and peaks at six 

hours [9]. Surgical trauma, abnormal shear stress, ischemia, 

reperfusion, and hypothermia can activate the secretion of IL-6, 

which can remain elevated after surgery [10–16].

The inflammatory reaction during CPB seems to involve 

several innate immunity responses such as the cytokines (e.g. 

IL-6, 8) [17,18]. Notably, these responses have also been 

implicated in the development of postoperative morbidity after 

CPB, including infectious complications and organ dysfunction 

[19]. In this study, we investigated the occurrence of SIRS and 

the mechanisms that lead to the progression of SIRS, including 

the role of cytokines in patients who are operated on under CPB. 

 

Materials and Methods 

1. Patients and procedures 
Twenty-seven patients, 15 males and 12 females, aged 18-

63 years (mean age = 42.07±11.66) undergoing open heart 

surgery with CPB at Shastin Central Hospital in Ulaanbaatar, 

Mongolia were analyzed for this study.

 Eighteen patients underwent valves replacement, and 9 

patients underwent atrial septal defect correction surgery. All the 

operations were elective, and all patients were in stable clinical 

condition. None of the patients used immunosuppressive drugs 

prior to operation or had any signs of clinical infection, chronic 

respiratory failure, renal or hepatic failure, or acute cardiogenic 

shock  during the study period.

The patients were divided into two groups: a group with 

SIRS (group A, n = 18) and a group without SIRS (group B, n 

= 9). Perioperative parameters were compared between group 

A and group B, and those that significantly correlated with the 

SIRS—IL-6, white blood cells (WBC) and platelet counts—were 

investigated. The regional ethical committee approved the study, 

and signed informed consent was obtained from each patient.

2. Surgical technique 
With all patients, the operative approach was a median sternotomy 

with CPB and systemic hypothermia. Blood cardioplegia and 

topical cooling with ice slush were used. CPB circuits included 

heparin coated tubes and oxygenator. In addition, an initial 

dosage of 4 mg/kg of heparin was given as an anticoagulant to 

achieve an activated clotting time (ACT) > 480s. After CPB was 

terminated, protamine sulfate was administered to re-establish 

preoperative ACT levels. 

3. Anesthesia 
Anesthesia was induced with propofol or thiopentone, fentanyl, 

and atracruim, and continued with a mixture of sevoflurane and 

fentanyl. The patients were artificially ventilated with a mixture 

of air and oxygen and extubated in the intensive care unit. For 

postoperative pain relief, the patients were given morphine or 

paracetamol. The patients received antibiotic prophylactics with 

three doses of intravenous cefazolin per day until all drains or 

monitor lines were removed.

4. Blood sampling protocol
Venous blood was sampled before sternotomy, during CPB, and 1 

hour, 24 hours, 48 hours, and 7 days after aortic declamping. No 

adjustments of the cytokine levels were made for hemodilution 

during the CPB. The blood samples were collected into sterile 

vacuum tubes containing EDTA and immediately centrifuged. 

The plasma was stored at –80°C until the cytokine assays were 

performed, a period of less than three months. Plasma IL-6 levels 

were measured by an enzyme-linked immune-sorbent assay 

using IL-6-Easia-CE (DRG Diagnostics, Germany), a commercially 

available kit. The WBC and platelet counts were not corrected 

for hemodilution.

Patients were cooled down to a rectal temperature of 32°C. 

SIRS is manifested by two or more of the following conditions: 

temperature >38°C, heart rate >90 beats per minute, respiratory 
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rate >20 breaths per minute or PaCO2 (carbon dioxide) <32 

mmHg, WBC count >12,000/mm3 of the total number of 

neutrophils. In our study, respiratory rate and PaCO2 during 

forced mechanical ventilation and postoperative pacing rate by 

the external pacemaker were excluded from the SIRS definition. 

5. Statistical analysis
Study findings were analyzed with SPSS 17 statistical analysis 

software program. Key findings were expressed as mean values 

with standard deviation. Univariable and multivariable linear 

regression model was used to determine the association between 

study variables. Pearson’s correlation coefficient was calculated 

to reveal the correlation between indicators, such as duration of 

SIRS and clinical data. Groups of patients were compared using 

t-test, and p-value of less than 0.05 was considered statistically 

significant. 

 

Results

The patient’s age, sex, body weight and height, operation 

procedure, CPB time, and aortic cross-clamp (ACC) time are 

shown in Table 1. 

Compared to group B, group A had no statistically significant 

differences in age, operation time, and operative procedures but 

had a significantly longer duration of CPB and ACC. In addition, 

the plasma levels of IL-6, a proinflammatory cytokine, in group 

A was significantly elevated one hour after aortic declamping 

and significantly higher than in group B (p = 0.0015), as shown 

in Fig. 1. The WBC count rose in all the patients during CPB 

and remained elevated for 24 hours after the removal of the 

ACC in both groups, as shown Fig. 2. At 48 hours after aortic 

Table 1. Clinical characteristics of the 27 patients

Variable Group A (n = 18) Group B (n = 9) p-value

Age 43.94±11.65 38.33±11.39 NS

Operation time (min) 383.05±10.07 341.67±9.94 p<0.01

CPB time (min) 140.38±8.3 106.67±5.99 p<0.001

ACC time (min) 98.16±6.4 81.55±4.67 P<0.01

Operation procedure

Valve replacement 12 6

ASD 6 3

Data is shown as  mean value ± standard deviation of the mean. 
ASD, atrial septal defect.

declamping, the WBC count continued to drop in both groups. 

The perioperative parameter that is significantly correlated with 

SIRS is the highest recorded plasma IL-6  level (OR 1.01, 95% 

CI 1.00-1.01, p<0.05), as shown Table 2. Furthermore, the 

highest recorded plasma IL-6 level is significantly correlated 

with the duration of CPB and ACC (r = 0.578, p<0.001; r = 

0.608, p<0.002), as shown in Figure 3. Linear regression for 

IL-6, as presented in Table 3, shows that highest level of IL-6 

is significantly correlated with the ACC time (B = 4.37, 95% CI 

1.78-6.96, p<0.01), (r = 0.608, p<0.01).

Discussion

In this study, we demonstrated a complex set of changes in 

cytokines during and after CPB. A major finding of this study 

was that the early cytokine response during CPB was dominated 

by a marked increase in cytokines such as IL-6. 

Twenty years ago, the concept of SIRS was officially proposed 

by the American College of Chest Physicians/Society of Critical 

Care Medicine (ACCP/SCCM), as an extension of physiologic 

self-defense mechanisms [20]. However, the protraction of SIRS 

signifies organ failure and deterioration of the patient status 

[21]. Over the past decade, a number of studies have associated 

surgical stress with elevated plasma IL-6 levels following CPB 

[22]. Indeed, increased plasma IL-6 levels corresponds with both 

the duration of CPB and SIRS, indicating its key role in mediating 

the acute phase response for open-heart surgery patients 

under CPB [8]. SIRS may cause potential organ failure due to 

postoperative microcirculation damage. 

Our study results showed that the highest circulating level 

of the inflammatory cytokines IL-6 occurs one hour after the 

Open-Heart Surgery
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Figure. 3.

a: Correlation between the duration of CPB time and the highest 
recorded level of IL-6.

b: Correlation between the duration of ACC time and the highest 
recorded level of IL-6.

Figure. 1. Plasma levels of IL-6 in groups A and B.
Data shown as mean±SD of mean.

Sampling time: .00, before sternotomy; 1.00, during CBP; 2.00, 1 h after 
aortic declamping; 3.00, 24 h after aortic declamping; 4.00, 48 h after 

aortic declamping; 5.00, 7 days after aortic declamping;

Figure. 2. WBC count in group A and B.
Data shown as mean±SD of mean.

Sampling time: .00, before sternotomy; 1.00, during CBP; 2.00, 1 h after 
aortic declamping; 3.00, 24 h after aortic declamping; 4.00, 48 h after 

aortic declamping; 5.00, 7 days after aortic declamping;

(a)

(b)

removal of the ACC, and the occurrence of SIRS is correlated 

with the duration of CPB and ACC. 

Monocytes, lymphocytes, and endothelial cells produce IL-6. 

It is thought that IL-6 stimulates an adhesive neutrophil-cardiac 

myocyte interaction that induces myocardial damage following 

CPB surgery [23]. This study shows that the highest plasma level 
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of IL-6 is significantly correlated with the occurrence of SIRS and 

duration of CPB. Hence, this suggests that IL-6 is one of the key 

mediators of the acute phase response in patients subjected to 

cardiac surgery under CPB. Our data was similar to previously 

published work, which demonstrated a marked increase in IL-

6, reaching maximum levels 1-2 hours after aortic declamping 

[24,25].

Our study showed patients in group A had significantly 

higher levels of inflammatory cytokines after aortic declamping 

when compared to those patients in group B. The protraction 

of SIRS by the excessive production of inflammatory cytokines 

causes an increase in the potential stimulation organs and raises 

the possibility of neutrophils releasing excessive quantities of 

free radicals and proteases, damaging microcirculation and 

leading to postoperative organ dysfunction [25-27].

These results suggest that the duration of CPB and 

cytokinemia with high IL-6 levels after aortic declamping are 

highly valuable indices of the occurrence of SIRS after cardiac 

surgery under CPB. As the protraction of SIRS is an early 

warning sign of organ damage, treatment to prevent the excess 

production of inflammatory cytokines immediately after the 

aortic declamping may be useful in patients undergoing elective 

cardiac surgery under CPB.

A limitation of our study was the small number of patients 

due to cost of supplies. Future study goals include (1) correlation 

of complications after open-heart surgery and inflammatory 

biomarkers, (2) procedures to balance inflammatory and anti-

inflammatory cytokines during cardiac surgery.

In conclusion, our study results suggest that the duration 

of CPB and cytokinemia with high IL-6 levels might play an 

important role in the development of the SIRS.

Conflict of Interest

The authors state no conflict of interest.

Acknowledgements

We would like to express our sincere thanks to the Mongolian 

Foundation for Science and Technology for financial support to 

this study.

References

1.	 Laffey JG, Boylan JF, Cheng DC. The systemic inflammatory 

response to cardiac surgery: implications for the 

anesthesiologist. Anesthesiology. 2002; 97: 215-252.

2.	 Kirklin JK. The postperfusion syndrome: Inflammation and 

the damaging effects of cardiopulmonary bypass. in: John 

Tinker (Ed). Cardiopulmonary Bypass. Current Concepts and 

Controversies. Saunders, Philadelphia, PA; 1989. p 131-146.

3.	 van Oeveren W, Wildevuur Ch RH. Blood compatibility of 

cardiopulmonary bypass circuits. Perfusion 1987; 2: 237-244.

4.	 Colman RW. Surface-mediated defense reactions. The plasma 

contact activation system. J Clin Invest 1984; 73: 1249-1253.

5.	 Stibbe J, Kluft C, Brommer EJ, Gomes M, de Jong D.S, Nauta J. 

Enhanced fibrinolytic activity during cardiopulmonary bypass in 

open-heart surgery in man is caused by extrinsic (tissue-type) 

Table 2. Logistic regression for SIRS.

Variables OR 95% CI p-value

Highest level of IL-6 1.01 1.00-1.01 <0.05

WBC 1.05 0.96-1.15 0.226

Table 3. Univariable and multivariable linear regression for the highest recorded level of IL-6.

Univariable regression Multivariable regression

Variables B coeff. 95% CI p-value B coeff. 95% CI p-value

Age 12.4 -4.74 to 29.6 0.147

Diagnosis -147 -245 to -49 <0.01

CPB time 3.26 1.17 to 5.35 <0.01

ACC time 4.37 1.78 to 6.96 <0.01 4.37 1.78 to 6.96 <0.01

Operation time 1.69 -0.07 to 3.46



www.cajms.mn          71Vol.3• No.1• February 2017

Tuvjargal Chultemdarjaa et al.

plasminogen activator. Eur J Clin Invest 1984; 14: 375-382.

6.	 Kollef MH, Wragge T, Pasque C. Determinants of mortality and 

multiorgan dysfunction in cardiac surgery patients requiring 

prolonged mechanical ventilation. Chest 1995; 107: 1395-

1401.

7.	 Paparella D, Yau TM, Young E. Cardiopulmonary bypass induced 

inflammation: pathophysiology and treatment. An update. Eur 

J Cardiothorac Surg 2002; 21: 232-244.

8.	 Hirai S. Systemic inflammatory response syndrome after cardiac 

surgery under cardiopulmonary bypass. Ann Thorac Cardiovasc 

Surg 2003; 9: 365–370.

9.	 Meng QH, Zhu S, Sohn N, Mycyk T, Shaw SA, Dalshaug G, Krahn 

J. Release of cardiac biochemical and inflammatory markers 

in patients on cardiopulmonary bypass undergoing coronary 

artery bypass grafting. J Card Surg 2008; 23: 681–687.

10.	 Rothenburger M, Soeparwata R, Deng MC, Schmid C, Berendes 

E, Tjan TD, et al. Prediction of clinical outcome after cardiac 

surgery: the role of cytokines, endotoxin, and anti-endotoxin 

core antibodies. Shock 2001; 16 Suppl 1: 44–50.

11.	 Corbi P, Rahmati M, Delwail A, Potreau D, Menu P, Wijdenes 

J, et al. Circulating soluble gp130, soluble IL-6R, and IL-6 

in patients undergoing cardiac surgery, with or without 

extracorporeal circulation. Eur J Cardiothorac Surg 2000; 18: 

98–103.

12.	 Gulielmos V, Menschikowski M, Dilla HM, Ellera M, Thiele S, 

Tugtekina SM, et al. 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 techniques. Eur J Cardiothorac 

Surg 2000; 18: 594–601.

13.	 Roth-Isigkeit A, Borstel TV, Seyfarth M, Schmucker P. 

Perioperative serum levels of tumournecrosis-factor alpha 

(TNF-alpha), IL-1 beta, IL-6, IL-10, and soluble IL-2 receptor 

in patients undergoing cardiac surgery with cardiopulmonary 

bypass without and with correction for haemodilution. Clin Exp 

Immunol 1999; 118: 242–246.

14.	 Rumalla V, Calvano SE, Spotnitz AJ, Krause TJ, Lin E, Lowry 

SF. The effects of glucocorticoid therapy on inflammatory 

responses to coronary artery bypass graft surgery. Arch Surg 

2001; 136: 1039–1044.

15.	 Schurr UP, Zünd G, Hoerstrup SP, Grünenfelder J, Maly FE, Vogt 

PR, et al. Preoperative administration of steroids: influence 

on adhesion molecules and cytokines after cardiopulmonary 

bypass. Ann Thorac Surg 2001; 72: 1316–1320.

16.	 Strüber M, Cremer JT, Gohrbandt B, Hagl C, Jankowski M, 

Völker B, et al. Human cytokine responses to coronary artery 

bypass grafting with and without cardiopulmonary bypass. Ann 

Thorac Surg 1999; 68: 1330–1335. 

17.	 Tønnesen E, Christensen VB, Toft P. The role of cytokines in 

cardiac surgery. Int J Cardiol 1996; 53 Suppl:S1–S10.

18.	 Mellbye OJ, Frøland SS, Lilleaasen P, Svennevig JL, Mollnes 

TE. Complement activation during cardiopulmonary bypass: 

comparison between the use of large volumes of plasma and 

dextran 70. Eur Surg Res 1988; 20: 101–109.

19.	 Borger MA, Rao V, Weisel RD, Ivanov J, Cohen G, Scully HE, et 

al. Deep sternal wound infection: risk factors and outcomes. 

Ann Thorac Surg 1998; 65: 1050–1056.

20.	 American College of Chest Physicians/Society of Critical Care 

Medicine Consensus Conference: definitions for sepsis and 

organ failure and guidelines for the use of innovative therapies 

in sepsis. Crit Care Med 1992; 20: 864–874.

21.	 Royston D. The inflammatory response and extracorporeal 

circulation. J Cardiothorac Vasc Anesth 1997; 11: 341–354.

22.	 Yang S, Hu S, Choudhry MA, Rue LW 3rd, Bland KI, Chaudry 

IH. Anti-rat soluble IL-6 receptor antibody down-regulates 

cardiac IL-6 and improves cardiac function following trauma-

hemorrhage. J Mol Cell Cardiol 2007; 42: 620–630.

23.	 Hennein HA, Ebba H, Rodriguez JL, Merrick SH, Keith FM, 

Bronstein MH, et al. Relationship of the proinflammatory 

cytokines to myocardial ischemia and dysfunction after 

uncomplicated coronary revascularization. J Thorac Cardiovasc 

Surg 1994; 108: 626–635.

24.	 Risnes I, Ueland T, Lundblad R, Mollnes TE, Baksaas ST, Aukrust 

P, et al. Changes in the cytokine network and complement 

parameters during open heart surgery. Interact Cardiovasc 

Thorac Surg 2003: 2: 19–24.

25.	 Kawamura T, Wakusawa R, Okada K, Inada S. Elevation of 

cytokines during open heart surgery with cardiopulmonary 

bypass: participation of interleukin 8 and 6 in reperfusion 

injury. Can J Anaesth 1993; 40: 1016-1021.

26.	 Ogawa M. Mechanisms of the development of organ failure 

following surgical insult: The ‘second attack’ theory. Clin 

Intensive Care 1996; 7: 34–38.

27.	 Patarroyo M, Makgoba MW. Leucocyte adhesion to cells in 

immune and inflammatory responses. Lancet 1989; 2: 1139–

1141.


