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Chapter 6 

Abstract 

Background Cardiopulmonary bypass (CPB) is associated with a systemic 

inflammatory response and clinical problems such as arrhythmia on the second or 

third postoperative days. 

Methods Cytokine-induced response and neutrophil activation were investigated 

in plasma samples taken from 19 patients during and after coronary 

revascularization. Release of elastase, lactoferrin, interleukin-8 (IL-8), and 

interleukin-6 (IL-6) were determined and related to clinical parameters. 

Results Leukocyte counts showed a biphasic pattern peaking at the end of CPB 

and on postoperative day 2. Lactoferrin and elastase maxima coincided with the 

first leukocyte peak at the end of CPB. Elastase levels remained elevated until 

postoperative day 4. IL-8 levels were increased from the end of CPB until 

postoperative day 2. Both IL-8 and IL-6 increases correlated with aortic crossclamp-

time (r=0.67, p=0.002; r=0.61, p=0.006). IL-8 generation correlated with 

C-reactive protein (r= 0.71, p=0.001) and complement-CRP complex (C4d-CRP) 

(r= 0.78, p<0.001), and blood loss (r=0.66, p=0.002). 

Conclusions The inflammatory response shows a biphasic pattern upon CPB. The 

first phase correlates with the duration of CPB. The second phase during the 

postoperative period, recognized by continued leukocyte activation and generation 

of IL-6 and IL-8, correlates to blood loss and duration of ventilation. 

In t roduc t ion 

The systemic inflammatory response in patients, that is induced by cardio

pulmonary bypass (CPB), is characterized by the production and release of 

inflammatory mediators in the blood of the patient1-2. Although many investigators 

describe the influence of CPB on the activation and changes of the levels of the 

different factors concerning humoral and cell mediated immunity, most patients 

recuperate without major problems34. Yet, after surgery, the patients undergoing 

CPB need intensive treatment for several days, and during this period some patients 

develop complications. Previously, we demonstrated activation of the complement 

system during CPB in these patients and we observed renewed activation of 

classical pathway activation during the postoperative period. This secondary 

activation of complement occurs during the acute phase response (APR) and is 

mediated by C-reactive protein (CRP), which is the prototypical acute phase protein 

in man5. During this period clinical symptoms such as hemodynamic instability, 

respiratory dysfunction, capillary leakage, and increased blood loss may become 
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Inflammatory response in cardiac surgery 

manifest and may lead to a prolonged recovery. It can be speculated that some of 

these complications may be related to postoperative inflammatory changes. Indeed, 

we found a strong correlation between the occurrence of arrhythmia and 

complement activation during the APR5. To what extent other inflammatory 

processes also contribute to clinical complications during the postoperative period 

is not well known, although some studies suggest the involvement of cytokines45. 

Whether changes in inflammatory mediators play a major role in the cellular injury 

occurring in the inflammatory response or are merely bystanders in this process is 

not always clear. 

The aim of the present study was to assess the activation and release of some 

powerful inflammatory mediators during the postoperative period following CPB. 

Hereto, we focussed on IL-8, as this chemokine is important for leukocyte 

activation and may contribute to cardiomyocyte reperfusion injury47. In addition, 

to assess neutrophil activation, we measured elastase released from azurophilic or 

primary granules, which is released upon ischemia-reperfusion injury during CPB, 

as well as lactoferrin, which is released from secondary or specific granules 8, and 

may be able to stimulate generation of IL-8q. We investigated whether these 

inflammatory mediators are also released during the postoperative period. 

Furthermore, as mutual influence of the various inflammatory mediators can be 

expected we looked for possible association between cytokines and other 

mediators. Finally, we investigated whether clinical symptoms such as changes of 

body temperature, leukocytosis, blood loss, cardiac damage (assessed by CK-MB 

levels), and increased postoperative ventilation are correlated to the observed 

changes in inflammatory mediators. 

M a t e r i a l and Me thods 

Study design 

Nineteen patients scheduled for elective coronary surgery were studied 

prospectively. The study was approved by the Medical Ethics Committee of the 

Academic Medicai Centre of Amsterdam, and ali participants had given written 

informed consent. Each patient included had isolated coronary artery disease with 

good left ventricular function and no other critical illnesses. Ages of the patients 

ranged from 51 to 75 years. No corticosteroids were given perioperatively. 

Anaesthesia and Cardiopulmonary Bypass Technique 

Anaesthesia and cardiopulmonary bypass are as described previously5. Briefly, 

preanesthetic medication consisted of lorazepam (2-4 mg). Anaesthesia was 
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induced with etomidate (0.2 mg/kg), fentanyl (50 ug/kg), and midazolam 

(0.1 mg/kg), and maintained by supplemental doses. Pancuronium bromide 

(0.1 mg/kg) was used as muscle relaxant. Cefamandol was given for perioperative 

antibiotic prophylaxis. After endotracheal intubation, patients were ventilated with 

oxygen in air. Standard anaesthetic monitoring techniques, i.e., electrocardiogram, 

pulse-oximeter, capnography, diuresis, nasopharyngeal and rectal temperature 

monitoring, radial artery pressure monitoring, and flow-directed pulmonary artery 

catheterization (Swan-Ganz, Baxter/American Edwards Laboratories, Santa Ana, 

USA.) were used. 

The extracorporeal circuit consisted of a soft shell closed venous reservoir (BMR 

1900, Baxter Healthcare Corp, Irvine, CA, USA), hollow fibre oxygenator with 

integrated heat exchanger (Univox, Baxter), arterial line filter (Baxter AF-1040), 

cardiotomy reservoir (Baxter BCR 3500) and polyvinyl tubing system. The 

extracorporeal circuit was primed with 1,500 ml_ of Ringer's lactate solution, 200 

ml_ of aprotinin (2 x 106 KIU Trasylol, Bayer, Leverkusen, Germany), and 100 mL of 

20% mannitol. Magnesium sulphate, 0.1 gram/ kg and 5,000 IU bovine heparin 

(Leo Pharmaceutical Products, Weesp, The Netherlands) were added to the priming 

solution. 

After systemic heparinization in both groups with 250 lU/kg, CPB was initiated 

with cannulas placed in the ascending aorta and right atrium (two stage venous 

cannula). By giving additional heparin, activated clotting time (ACT) was kept 

above 500 seconds. A non-pulsatile roller pump (Sarns 9000, 3M Health Care 

Group, Ann Arbor, Ml, USA) was used for all operations. The non-pulsatile flow 

rate ranged from 1.8 to 2.4 L/min/m2 during cooling and rewarming phases. 

Patients were cooled to 27-30° C. Crystalloid cardioplegia (800-1000 mL, 

potassium 20 mmol/L, 4°C, St Thomas, Academic Medical Centre, Amsterdam, 

The Netherlands) was used for myocardial protection. During CPB the hematocrit 

was maintained at 18-25%. Distal anastomoses of the grafts were placed during 

aortic cross-clamping, and proximal anastomoses were placed after cross-clamp 

removal and restoration of mechanical ventilation. Heparin was antagonised with 

protamine sulphate at a 1:1 ratio (3mg/kg), after termination of CPB. Residual 

volume from the extracorporeal circuit was infused into the patient. 

Postoperative treatment in the intensive care unit (ICU) was standardised, as 

described previously5. Allogenic blood transfusions were given when the hemato

crit was less than 26%. Patients were transported to the ward for further recovery, 

after their cardiorespiratory condition had stabilized. Adverse events were recorded 

until discharge from the hospital. 
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Collection of blood samples 

Blood specimens for hemoglobin, hematocrit, leukocyte, and platelet counts were 

collected in 4.5-mL glass Vacutainer® tubes containing EDTA (Becton Dickinson, 

Franklin Lakes, USA). Blood samples for analysis of neutrophil elastase, and 

lactoferrin, IL-6 and IL-8, were collected in 5 ml_ siliconized Venoject® tubes 

(Terumo Europe N.V., Leuven, Belgium) containing 10 mmol/L EDTA, 0.1 mg/mL 

Soybean Trypsin Inhibitor (Sigma Chemical Co., St. Louis MO, USA), and 25 

mmol/L benzamidin (Agros Organics, Geel, Belgium). During surgery and in the 

ICU, all samples were taken via a radial artery catheter, while the other blood 

specimens were obtained by venous puncture. Plasma was prepared by 

centrifugation of the blood for 20 minutes at 1500 x g, immediately after collection, 

and stored in aliquots at -70° C. Blood samples were obtained at the following time 

points: after the induction of anesthesia (before median sternotomy); 30 minutes 

after the start of CPB; immediately after CPB, but before protamine administration; 

after protamine administration, when the sternum was closed; 1 and 6 hours after 

arrival at the ICU; and on the first, second, third, fourth, and fifth postoperative 

days. 

Biochemical parameters 

Neutrophil Enzyme Release 

In blood, elastase rapidly forms complexes with its major inhibitor, a1 proteinase 

inhibitor. Levels of these complexes were measured using an automated enzyme 

immunoassay (Merck, Darmstadt, Germany). The median normal value for elastase 

was 19 ug/L, range 1- 74; n=70) in patients undergoing cardiac surgery before 

induction of anesthesia and the mean value in healthy volunteers was 22 ug/L 

(± 20, twice the standard deviation; n=172). Lactoferrin concentrations were 

determined by radioimmunoassay, as previously described10. 

Interleukins 

Plasma IL-8 and IL-6 were determined by a commercially available ELISA (CLB, 

Dept. Immune Reagents, Amsterdam, The Netherlands), as previously described 

't.12. Normal plasma levels of IL-8 and IL-6 are less than 10 ng/L. The lower 

detection limit of either ELISA was 1.0 ng/L. 

Other parameters 

Assays for plasma levels of complement, complement-CRP complexes, and CRP, as 

well as the levels of these parameters during and after surgery, have been described 

elsewhere513. 
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Statistical analysis 

Data were analyzed using standard computer software (SPSS 7.5.2, SPSS Inc., 

Chicago, IL). To analyze changes in time, one factor analysis of variance (ANOVA) 

for repeated measurements was applied, supplemented with the Bonferroni posf-

hoc test. Correlations were determined with the Spearman's rank correlation test. 

Significance between groups was assessed by the Mann-Whitney U test. A two-

sided probability value of p<0.05 was considered to reflect statistical significance. 

Values are presented as medians with interquartile range (IQR), unless stated 

otherwise. 

Results 

Patients 

Each patient had ischemic multivessel coronary artery disease, refractory to 

antianginal therapy. 

10 patients had a history of acute myocardial infarction. The clinical characteristics 

and surgical data of the 19 patients have been described elsewhere5. Postoperative 

data concerning blood loss, infused units of packed red blood cells, hemoglobin 

levels at hospital discharge, difference in hemoglobin levels between pre- and 

postoperative levels, hours on mechanical ventilation, and length of stay in ICU are 

depicted in Table 1. 

Table 1 Postoperative data 

Blood loss (mL) 6 8 0 ( 5 6 0 - 1130) 

Transfused PC (Units) 1 (0-3) 

Hb at hospital discharge (mmol/L) 7.3 (6.8 - 7.5) 

Hb difference (mmol/L) -1.1 (-1.8 - -0.5) 

mechanical ventilation period (hours) 20 (17 - 38) 

ICU-stay (hours) 44 (22 - 63) 

Data are expressed as median values (interquartile range). Blood loss = during the first 18 postoperative 
hours. Hb-difference = difference between Hb at time of hospital discharge and Hb after induction of 
anesthesia. 

All patients survived, most patients had an uncomplicated postoperative course. 

Four patients suffered from perioperative myocardial infarction (CK-MB peak: 79, 

11 3, 156, and 202 ug/L) based on the following criteria: Q-wave development, 

appearance of precordial negative T-top > 3mm or complete left bundle branch 

block, in the presence of increasing CK-MB levels to > 50 ug/L To further differen

tiate more precisely between patients suffering either or not from postoperative 
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infarction on biochemical grounds, we also measured the area under the curve 

(AUC) of postoperative CK-MB levels. This resulted in two groups: one group with 

AUC of CK-MB >1000 ug.hr/L and one group AUC of CK-MB<500 ug.hr/L Two 

patients had a rethoracotomy because of excessive bleeding, and one of them 

because of poor hemodynamics had an intra-aortic balloon inserted. Patients were 

cooled actively during CPB to a median minimum of 27.2° C (IQR, 27 to 28.5° C). 

At the end of CPB patients were actively rewarmed again to a blood temperature of 

38.1° C (IQR, 37.9 to 38.4° C). At the moment of arrival at the ICU body 

temperature dropped to 35.6 (IQR, 35 to 36° C), the lowest postoperative 

temperature measured. Then, within 18 hours postoperatively the body 

temperature peaked to 38° C (IQR, 37.6 to 38.4° C). On days 2 and 3 body 

temperature rose again to 38.4° C (IQR, 38.1 to 38.8° C). These changes of body 

temperature were accompanied with a biphasic increase of polymorphonuclear 

cell counts. After protamine administration the first maximum occurred (9.5x109 

cells/L, IQR 7.3 to 11.4x109 cells/L; Figure 1 A) , followed by a second maximum on 

day 2 (10.8x1 09 cells/L, IQR 8.9 to 13.3x1 09 cells/L). Leukocyte counts remained 

elevated during the whole postoperative observation period. Maximum leukocyte 

counts were significantly higher in patients with perioperative myocardial 

infarction (median 10.4 x 109/L; IQR, 9.9 to 11 x 109/L, vs. median 13.2 x 109/L; 

IQR, 11 to 13.7 x 109/L, p=0.014; Table 2), as were the intubation period (median 

59 hours; IQR, 31 to 107 hours, vs. median 18 hours; IQR, 1 6 to 24 hours) and 

ICU-stay (median 93 hours; IQR, 61 to 135 hours, vs. median 40 hours; IQR, 21 to 

48 hours). Patients with or without perioperative myocardial infarction were, 

however not different regarding IL-8, elastase, and lactoferrin. 

Neutrophil activation 

To assess neutrophil activation, we measured two neutrophil degranulation pro

ducts, i.e., elastase and lactoferrin. The median neutrophil elastase levels increased 

from a baseline of 27 ug/L (IQR, 1 9 to 37 ug/L; Figure 1 B) to reach a maximum 

level of 252 ug/L (IQR, 1 56 to 433 ug/L) at the end of CPB. Then, levels declined 

very fast on the day of operation, but were still elevated from day 1 (median 66 

ug/L; IQR, 51 to 94 ug/L) until day 4 (median 54 ug/L; IQR, 41 to 60 ug/L). As 

elastase levels continued to be elevated in the postoperative period, we compared 

peroperative with postoperative levels by calculating area under the curves for 

these periods representing the total amount of elastase release. The mean ratio of 

these elastase peroperative to postoperative values was 1:4.5. 

Baseline lactoferrin levels of 74 pg/L (IQR, 45 to 100 ug/L; Figure 1C) increased 

significantly from the first sampling point, 30 minutes CPB, reaching maximum 
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levels of 1867 ug/L (IQR, 1331 to 2386 (Jg/L) at the end of CPB. The levels returned 

towards baseline pre-CPB levels on day 1, and remained normal in the subsequent 

days. 

Table 2 Inflammatory and some other parameters in the patients with or without 

postoperative myocardial infarction 

Lactoferrin 

(MgA-) 

Elastase 

(ug/L) 

Leukocyte 

count (*109) 

IL-8 

(ng/L) 

CK-MB 

(ug/L) 

ICU-stay 

Intubation 

Sample point 

baseline 

maximum 

-fold increase 

baseline 

maximum 

-fold increase 

maximum 

baseline 

maximum' 

-fold increase1 

maximum1 

AUC1 

hours 

hours 

Myocardial Infarction 

(n=4) 

54 (39 - 92) 

2129 (746-3061) 

40(13 -67) 

25 (20 -52) 

305 (144-566) 

7.1 (5 .7-26) 

10.4(9.9 - 11.0) 

13 (2 .4-27) 

238 (69-365) 

10 (7 .0 -236 ) 

135 (88 - 191) 

2210(1434-3499) 

93 (61 - 135) 

59 (25 -45) 

No Myocardial Infarction 

(n=15) 

83 (46- 110) 

1867 (1331 -2232) 

22 (16-38) 

2 8 ( 1 9 - 3 7 ) 

252 (156-376) 

9 ( 6 - 13) 

13.2 (11.0- 13.7) 

10(3.1 - 15) 

131 (47-209) 

9.5(8.2-22) 

29 (21 -39) 

183 (67-263) 

40(21 -48) 

1 8 ( 1 6 - 2 4 ) 

P 

NS 

NS 

NS 

NS 

NS 

NS 

0.014 

NS 

NS 

NS 

0.001 

0.001 

0.006 

0.004 

Data are expressed as median values (interquartile range). Differences between the two groups were 

determined by Mann-Whitney U-test. ND = not detectable, NS = not significant (p>0.05) 
1 During postoperative period. 

Interleukins 

Changes in IL-6 levels in the patients reported here have been described 

elsewhere5. Briefly, Plasma IL-6 levels increased at the end of CPB reaching levels 

of 27 ng/L (ICR, 14 to 36 ng/L) after protamine administration, and increasing 

further to a maximum after 6 hours in ICU (11 2 ng/L; ICR, 56 to 1 84 ng/L) to return 

gradually to pre-CPB levels within 4 days. IL-8 levels increased from baseline 

(median 10 ng/L; IQR, 3.1 to 16 ng/L; Figure 1 D) to (median 29 ng/L; IQR, 20 to 

1 07 ng/L) at the end of CPB, reaching maximum levels at 1 hour ICU (median 92 

ng/L; IQR, 47 to 136 ng/L). Then, IL-8 levels fell to baseline values after 24 hours. 

There were neither significant differences in cytokine levels between patients with 

CK-MB levels lower or higher than 50 ug/mL nor AUC of CK-MB levels lower or 

higher than 1000 ug.hr/L. 
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induction endCPBlh lCU day 1 

30'CPBproIamine 6h iCU 

induction end CPB IhlCU day 1 
30' CPB protamine 6h ICU 

Figure 1 Course of (A) leukocyte count, (B) neutrophil elastase, (C) lactoferrin, and (D) interleukin-8 (IL-
8) during and after CPB surgery. Blood samples were taken at various time points as described in methods. 
Data represent median and interquartile range (error bars). Notice time compression from time-point 
1 hour ICU-stay on x-axis. Asterisk indicates significant change compared to baseline values. Level of 
significance was p<0.05 (one-factor ANOVA with repeated measures, supplemented with the Bonferroni 
post-hoc test), for each parameter. 

Correlation between biochemical parameters and clinical symptoms 

Maximum levels of both elastase and lactoferrin correlated (r=0.61, p=0.005, 

Figure 2). IL-8 levels at the end of CPB correlated with IL-6 levels from the same 

sampling moment until the maximum levels at 6 hours ICU-stay, with correlation 

coefficients ranging from 0.60 through 0.74 (p<0.01, Figure 3A to D). Elastase 

levels (AUC) correlated with C3d-CRP levels (AUC) (r= 0.59, p=0.001, Figure 4A). 

AUC of IL-8 levels correlated with AUC of C4d-CRP (r= 0.78, p<0.001, Figure 4B) 

and CRP (r= 0.71, p=0.001, Figure 4C), respectively. The increase in IL-6 levels 

correlated with CPB-time (r=0.74, p<0.001) and crossclamp-time (r=0.67, p=0.002) 

(Figure 5A and B), whereas the increase in IL-8 levels correlated only with the 

crossclamp-time (r=0.61, p=0.006, Fig 5C). 

In patients who suffered from a perioperative myocardial infarction as diagnosed 

by criteria mentioned earlier, we did not find significant differences in peak IL-8, 

lactoferrin, and elastase. Nor were there any associations between peak levels of 

elastase and clinical symptoms like postoperative blood loss or total amount of 

infused packed red cells, or hours on mechanical ventilation. Conversely, IL-8 
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l -

r = 0.61 

p =0.005 

0 0.25 0.5 0.75 1.00 1.25 1.50 

elastase (mg/L) 

Figure 2 Scatterplot showing peak levels of elastase (y-axis) versus lactoferrin peak levels (x-axis). 
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Figure 3 Scatterplot showing the IL-8 level at the end of CPB (x-axis) versus the IL-6 levels (y-axis) 
(A) at the same time-point, (B) after protamine administration, (C) at 1 hour ICU-stay, and (D) 6 hours 

ICU-stay. 
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(AUC) correlated with postoperative blood loss and the perioperative need for 

transfused units of packed red blood cells (r=0.66, p=0.002, Figure 6A), whereas 

IL-6 (AUC) correlated with the period of postoperative mechanical ventilation (r= 

0.63, p=0.004, Figure 6B) and ICU-stay (r=0.69, p=0.001, not shown). 

Comment 

The systemic inflammatory response induced by cardiac surgery results from the 

generation of various proinflammatory mediators1-2. Most studies concern changes 

in these mediators during the operation or shortly thereafter, in particular since it is 

thought that an important stimulus for this inflammatory response is contact of 

blood with the extracorporeal circuit. Here we demonstrate a marked increase in 

inflammatory mediators not only during cardiac surgery, but also thereafter. 

IL-6 is considered to bean important inducer of the synthesis of various acute phase 

proteins, including that of CRP, the prototype of these proteins12. In a previous study 
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of the APR in patients undergoing CPB, we have emphasized the importance of a 

complement activation mediated by CRP during APR, which activation was 

associated with arrhythmia in the postoperative period5. During CPB the human 

body, in particular the heart is exposed to ischemia-reperfusion injury, which 

induces an inflammatory response714. Activation of the complement system likely 

contributes to the myocardial injury after ischemia and reperfusion. Moreover, 

since Criselli and colleagues15 recently showed that CRP indeed can contribute to 

tissue damage by activating complement, as injection of human CRP into rats after 

ligation of a coronary artery led to increase of infarct size in a complement-

dependent way. The tissue injury occurring during CPB involves activation of 

neutrophils16, a process in which different mediators such as IL-8, presumably via 

activation of neutrophils17, a powerful neutrophil chemoattractant and activator, 

are involved. We found elevated levels of both the IL-6 and IL-8 and the neutrophil 

degranulation products in all patients. The elevation of these inflammatory 

mediators occurred not only during CPB but also thereafter, suggesting a role for 

these mediators in the tissue injury both during as well as after CPB245. A causal 

relationship between IL-8-release and myocardial injury has been suggested based 

on the association between prolonged ischemic duration, elevated levels of this 

cytokine and increased myoglobin levels. Furthermore, IL-8 can be induced by 

reperfusion of ischemic myocardium18. Both IL-6 and IL-8 increased at the end of 

CPB, culminating in maximum levels at 1 hour and 6 hours ICU-stay for IL-8 and 

IL-6, respectively. The magnitude of the interleukin synthesis as measured by the 

increases of IL-6 and IL-8 correlated with bypass- and crossclamp-time, in 

agreement with published data619. Hence, the release of cytokines may have been 

triggered by ischemia-reperfusion of the heart and lungs. On the other hand, 

maximal IL-8 levels occurred approximately 3 to 4 hours after start of CPB, i.e., 

approximately 2-3 hours after release of cross-clamp and cardiac reperfusion. This 

increase is comparable with the changes seen in a simulated extracorporeal 

circuit20. Hence, the release of IL-8 may also have been triggered by contact of 

blood with the extracorporeal circuit. 

We found no correlation between IL-8 and elastase or lactoferrin levels. These data 

do not support that during CPB IL-8 predominantly contributes to leukocyte 

mobilization and the tissue damage mediated by these cells. However, levels of 

this cytokine were related to changes in leukocyte level, body temperature and CK-

MB, a suitable marker for cardiac tissue damage. Thus, IL-8 may have contributed 

to tissue damage following CPB by mechanisms independent of neutrophils. 

Fever, leucocytosis, tissue edema are prominent components of the acute phase 

response. Although IL-8 can induce fever21, we did not observe an association 
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between the IL-8 generation during CPB and the rise in body temperature during 

APR. Fever during the APR might result from multifactorial influences. Many 

cytokines, in particular IL-6, as well as hormones participate in this febrile 

response412. Rise in body temperature following a CPB procedure is likely to result 

from multiple factors both endogenous and exogenous. The lack of correlation 

between release of various cytokines and changes in body temperature presumably 

indicate that cytokines are not predominant mediators of fever in patients 

undergoing CPB. In this study we found IL-6 generation to be associated with the 

period of postoperative mechanical ventilation and period of stay in the ICU, as 

was suggested by other authors as well22. Moreover, in a recently described 

multicenter study comparing 2 different ventilation strategies, plasma IL-6 

generation correlated with the magnitude of lung injury23. 

Our data also indicate that during CPB marked activation of neutrophils occurred, 

as has been described earlier16. We observed an almost 9-fold increase in elastase 

and 25-fold in lactoferrin. Plasma levels of lactoferrin increase significantly earlier 

than levels of elastase, as shown by the difference between the first sampling 

moment during CPB vs. end of CPB. However, maximal levels of both lactoferrin 

were closely related to peak levels of elastase, as shown in Figure 2. Previous 

research showed that the azurophil granules degranulate slower than specific 

granules and that a great part of the degranulation products of the azurophil 

granules is released into phagolysosomes, whereas lactoferrin is released into the 

plasma directly8. This may explain the early increase of lactoferrin herewith, the 

more since plasma half-lifes of lactoferrin and elastase are 45 and 60 minutes, 

respectively10. However, we also found increased levels of elastase after the day of 

operation. But peak levels during the postoperative period were less than during 

CPB. The ratio between the area under the curves of elastase during and shortly 

after CPB and that during the APR was 1:5. During the APR lactoferrin levels had 

already returned to preoperative levels. This more rapid disappearance of 

lactoferrin may reflect its somewhat shorter half-life. On the other hand, selective 

release of elastase from neutrophils has been found in conditions where the 

predominant neutrophil agonists are derived from the complement system24. 

Moreover, as we found an association between complexes of CRP and activated C3 

and C4, concerning the CRP-mediated complement activation during the APR, and 

the levels of IL-8 and elastase generated during the postoperative phase. The 

importance of this association in the present study could emphasize the influence 

of both IL-8 as well as CRP and complement in ischemia-reperfusion injury715-19. 

Hence, the increase of elastase during the postoperative days may be caused by 

enhanced complement activation. Such an activation indeed occurs following CPB, 
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as we have shown previously5. Taken together, these data emphasize that 

inflammatory reactions occur not only during CPB but also during the first 

postoperative days. Lactoferrin can stimulate the release of IL-8 from neutrophils, 

whereas also protamine at the end of CPB canc). On the other hand, cytokines are 

potent chemotactic factors that can activate neutrophils and induce degranulation, 

resulting in the generation of elastase and lactoferrin. 

In conclusion, in this study we demonstrate the release of the cytokines IL-6 and 

IL-8 and changes in elastase and lactoferrin during and after cardiac surgery with 

CPB. We suggest that inflammatory changes induced by CPB do not only result 

from the contact of the blood with the artificial surface of the extracorporeal circuit, 

but also from other mechanisms such as the surgical trauma, and reperfusion of 

ischemic organs, that may be enhanced by the APR. To what extent these secondary 

inflammatory changes constitute a target therapy to reduce postoperative 

complications, remains to be established in future studies. 
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