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General introduction and 

outline of the thesis 



Outline of the thesis 

Genera l i n t r o d u c t i o n and o u t l i n e of the thesis 

Since the int roduct ion of cardiac surgery and the use of extracorporeal circuits, 

there has been interest not only in its beneficial but also detrimental effects on the 

human body. The exposure of b lood to non-endothel ia l surfaces and non-

physiologic condi t ions dur ing card iopulmonary bypass (CPB) are considered to 

result in direct cellular injury and activation of several plasma cascades, including 

that of the coagulat ion cascade, the kal l ikrein system, the f ibr inolyt ic system and 

the complement cascade'-4. Kirklin and colleagues5-6 recognized this complex of 

reactions and introduced the term whole body inflammatory response (VVBIR), also 

known as systemic inflammatory response syndrome (SIRS)7-8, which may result in 

a postperfusion syndrome wi th cardiac, renal and pu lmonary dysfunct ion, f lu id 

shifts as a result of capi l lary leakage, abnormal b leeding and sometimes 

neurological disorders. Cl inical studies have shown that the occurrence of these 

symptoms is partly related to the degree of complement activation induced by the 

extracorporeal c i rcu i t 9 1 2 . Coagulation during CPB is prevented by heparinization. 

At the end of CPB the effect of heparin is antagonized by the administrat ion of 

protamine to prevent bleeding and promote coagulat ion. Surprisingly, these two 

therapeutic manoeuvres may have a great impact on the patient13-'5. 

Non-phys io log ica l condi t ions dur ing CPB inc lude d i lu t ion of b lood cells, a 

decrease of oncot ic pressure, hypothermia, non-pulsat i le f low and hypo

vo lem ia 1 6 1 8 . Dur ing aorta cross-clamping, the heart is depr ived of b lood and, 

consequently of oxygen. This results in ischemic damage19, although the instituted 

hypothermia, through the use of cold cardioplegic solut ion and topical coo l ing 

w i th ice slush, minimizes damage. Restoration of the blood f low by releasing the 

aortic cross-clamp enhances the ischemic insult by the reperfusion. In this complex 

process, various cytokines play an important role20 . In animal models, ischemia-

reperfusion damage has been reduced, by blocking the complement cascade2122 , 

or inhibit ing the migration or adherence of polymorphonuclear neutrophils23-24. 

Regional hypoperfusion of the digestive tract has been recognized to result from 

changes in complement and neutrophi ls. Intestinal mucosal ischemia enhances 

translocation of endotoxin into the lymph and blood circulation25-26. The endotoxin 

concentrations during cardiac surgery increased in the circulation in relation to the 

duration of CPB and the drop in oncotic pressure27. Endotoxin initiates the synthesis 

and release of in f lammatory mediators that can mediate SIRS28. Changes in the 

various complement act ivat ion products may prov ide informat ion on the 

biocompat ib i l i ty of extracorporeal circuits4-29. The introduct ion of the membrane 

oxygenator reduced the damage to b lood compared to the bubble oxygenator. 
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Certain studies stress the importance of centrifugal pumps in favour of the roller 

pumps in reducing hemolysis3031. In addition, the use of leukocyte filters seems 

promising in reducing the total amount of activated leukocytes in circulation32. 

Several approaches have been taken to improve the biocompatibility of blood-

exposed surfaces including heparin3334, silicone3536, and phosphorylcholine37 

surface coatings. Heparin-coated circuits in experimental studies were associated 

with increased thromboresistance and reduced chest tube drainage and blood bank 

requirements3839. These circuits have also been claimed to reduce complement 

activation during CPB4042. However, there is very little data on the effect of 

heparin-coated extracorporeal circuits on postoperative clinical performance. At 

least in low risk patients, the benefits are limited43"45. Finally, avoiding the use of 

CPB by minimal invasive surgery may reduce the inflammatory response and the 

subsequent myocardial damage46. The adverse events after cardiac surgery result 

from the interaction of both the preoperative condition of the patient and the 

surgical factors encountered. Further optimization of the patient's preoperative 

status, amongst others by reducing risk factors, remains a challenge for future 

studies. 

The coronary artery revascularization operations (CABG) are performed on a 

routine basis throughout the world. Most, if not all, patients wil l go through an 

acute phase response during recuperation. The majority of patients will recuperate 

without any problem as the response is mainly self-limiting. Therefore, the clinical 

impact of the increased plasma levels of the various acute phase proteins and other 

inflammatory mediators is not clear. In particular, it is not clear to what extent the 

acute phase response has protective or deleterious effects. 

In order to situate the problems discussed below in some broader perspective, 

some details about the frequency of CABG procedures in the Academic Medical 

Centre and the Netherlands are given. Between 1994 and 1999, 805 "open-heart" 

operations in adults were performed annually (median; range 788 to 819) in the 

Academic Medical Centre. Approximately 76 % (range, 73 to 82%) were first time 

CABG and 4 . 1 % (range, 3.7 to 4.5%) re-CABG or combined re-procedures. Of 

these procedures, 561 were single CABG (range, 544 to 578) and 79 combined 

procedures (range, 50 to 90)47. Every year between 1995 and 200048 14,850 (range, 

14,148 to 15,189) patients underwent cardiac surgery in the Netherlands. 

Approximately 7 1 % of these had CABG operations. 

The purpose of this thesis is to describe the inflammatory response, including the 

acute phase response, in patients undergoing coronary artery surgery. For these 

studies, we extended the observation period from the operation room to the 

intensive care unit and the ward. We describe the main complications, which may 
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influence the speed of recovery of the patient. During recovery, we studied the 

inflammatory response, which includes the acute phase response. 

Therefore, in order to define the problem and to provide a solid basis for the outline 

of the thesis, we describe, in Chapter 2, the inflammatory response in the patient 

undergoing cardiac surgery, focussing on complement, C-reactive protein, 

secretory phospholipase A2, and ischemia-reperfusion damage, in relation to some 

clinical problems seen in the postoperative period, e.g., atrial arrhythmia or 

myocardial damage. 

Chapter 3 describes the effects of heparin-coating of the extracorporeal circuit on 

clinical outcome. As a secondary aim, differences in clinical outcome between 

patients regardless of the coating of the extracorporeal circuit were studied. Thus, 

only clinical parameters are described in this chapter and we focus on some 

preoperative risk factors. 

In Chapter 4, we divide in two phases, the generation of secretory phospholipase 

A2 (sPLA2), an enzyme believed to be involved in the generation of eicosanoids 

and acute phase responses. We tested the hypothesis that the first phase is 

enhanced by the systemic heparinization at the start of CPB, whereas the second 

phase is part of the acute phase response. 

In the seventies, Volanakis and colleagues were among the first to recognize that 

the complement system can be activated by C-reactive protein (CRP)4950. In 1996, 

a novel approach to assess complement activation induced by CRP in vivo by 

measuring complexes of complement activation products and CRP was 

developed51. To assess a potential role of CRP in complement activation during and 

after cardiac surgery, we applied this new technology in studies of patients 

undergoing CPB (Chapter 5). To this end, levels of complement activation products, 

IL-6, CRP, and complement-CRP complexes, were measured and related to clinical 

symptoms. 

Recently the group of Kushner presented an excellent review describing in detail 

the acute phase response during inflammation. The review, however, did not 

discuss important, new data concerning the ability of C-reactive protein to activate 

the complement system in vivo. As it may be an important mechanism in human 

disease, we briefly discuss our opinion in an addendum to Chapter 5. 

Chapter 6 presents the same group of patients as in the preceding chapter. Here, 

we study the effect of CPB and surgical procedure on the serum levels of pro

inflammatory mediators IL-6, IL-8, and leukocyte degranulation products elastase 

and lactoferrin, during surgery and the acute phase response. 

In Chapter 7, we tested the hypothesis that at least part of the classical pathway 

activation of complement induced by heparin-protamine complexes in patients 
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undergoing CPB is CRP-dependent. Therefore, we studied both complement 

activation in vivo and in vitro. In vitro plasma from patients and healthy individuals 

were tested by incubation with various concentrations of heparin and protamine. 

Elevated levels of CRP are associated with an increased incidence of cardiovascular 

disease. The circulating levels of CRP reflect the severity of the inflammatory 

response. We investigated whether preoperative CRP-levels could predict outcome 

or the occurrence of postoperative complications in high risk patients after CPB 

(Chapter 8). Here, we especially focussed on the occurrence of cardiac events, 

including supraventricular arrhythmia and myocardial infarction. 

Finally, the summary (Chapter 9) contains a general discussion and describes some 

future perspectives. 
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