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Chapter 8 

Abstract 

Background Serum C-reactive protein (CRP) levels constitute a cardiovascular risk 

factor. We investigated whether levels of CRP before and following cardiovascular 

surgery, relate to perioperative, particularly cardiovascular, complications in high-

risk patients undergoing cardiopulmonary bypass (CPB), since this triggers transient 

global myocardial ischemia. In addition, we analyzed the relation between 

baseline levels and the postoperative response of CRP. 

Methods Forty-three high-risk patients undergoing either myocardial revas

cularization, or valve surgery, or a combined and/or redo procedure were studied 

in a prospective pilot-study. Blood samples were obtained before (baseline), during 

and after CPB. CRP plasma levels were measured with ELISA. 

Results Peak levels were found on the second postoperative day, and correlated 

with baseline levels. Eight patients developed perioperative myocardial infarction. 

These patients had higher baseline levels of CRP than the others. Postoperative CK-

MB levels increased significantly, in patients with CRP levels exceeding 10 mg/L 

Conclusions Baseline CRP levels may be helpful to identify patients at risk for 

developing myocardial damage following cardiac surgery with CPB. The response 

of CRP following CPB in high-risk patients is maximal on the second postoperative 

day and is related to baseline levels. Furthermore, these data support that baseline 

CRP levels reflect individual differences in CRP responsiveness. Finally, CPB during 

cardiac surgery may provide a clinical setting to evaluate short term intervention 

therapy targeting at CRP-related myocardial damage. 

I n t r o d u c t i o n 

Cardiac surgery with cardiopulmonary bypass (CPB) triggers a systemic activation 

of various systems in the blood in most patients1-2. The contact of blood with 

artificial surfaces together with the changed physiologic conditions during CPB, 

i.e., hemodilution, non-pulsatile blood flow, hypothermia, reinfusion of shed 

blood, and heparin-protamine complexes probably all contribute to the activation 

of various plasma protein systems such as the coagulation/fibrinolytic and 

complement cascades35. Furthermore, ischemia-reperfusion triggers generation of 

various cytokines, which also play an important role in inducing and regulating 

inflammation6-7. In combination with the patient's concurrent medical problems 

these activation processes may result in an systemic inflammatory response 

syndrome leading to serious morbidity, manifested by pulmonary, renal, 

gastrointestinal tract dysfunction, and hemodynamic instability in the postoperative 

period'-2. 
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C-reactive protein and complications in cardiac surgery 

A typical marker for the inflammatory response is C-reactive protein (CRP), which 

is the prototype of the human acute phase proteins8. It is well known that CRP 

levels rise in patients suffering from an acute myocardial infarction, the extent of 

this rise being related to short-term outcome in patients with angina pectoris9. 

Moreover, baseline levels of CRP are associated with the occurrence of 

cardiovascular events in patients with (un)stable angina pectoris and even in 

healthy individuals1013. Although, this link between CRP and cardiovascular 

disease is generally considered to be indirect, in that CRP reflects the inflammatory 

process ensuing in atherosclerotic lesions, we have hypothesized that CRP may be 

involved in the pathogenesis of these diseases14. Indeed, injection of human CRP 

into rats after ligation of a coronary artery increased infarct size in a complement-

dependent way15. 

Previous studies have addressed that the acute phase response after coronary artery 

bypass graft (CABG) surgery results from the surgical trauma and to a lesser extend 

from CPB16-17. Recently, we described that CRP plays a role in complement 

activation both during and after the operation and that this was associated with the 

occurrence of supraventricular arrhythmia in the postoperative period18, raising the 

possibility that CRP actively participates in the inflammation-related damage 

following cardiac surgery with CPB. Whether circulating levels of CRP at baseline 

(before surgery) or following cardiovascular surgery constitute a risk factor is, 

however, unknown. Therefore, we initiated a pilot-study to investigate whether 

baseline levels of CRP are related to the clinical course of high-risk patients 

undergoing cardiovascular surgery. We studied the incidence of postoperative 

complications overall as well as that of cardiovascular events, including myocardial 

infarction and supraventricular arrhythmia, in particular, in relation to baseline 

levels and the postoperative course of CRP. 

Pat ien ts , m a t e r i a l s and methods 

Study design 

Fifty patients either undergoing CPB for myocardial revascularization, single valve 

replacement or combined and/or redo procedures were included in a prospectively 

randomized study. Only patients at high-risk were included since either their age 

was >70 years, or they had an impaired left ventricular function, i.e., ejection 

fraction <40%, or they were scheduled for either mitral valvuloplasty or 

replacement. Exclusion criteria for the study were age <21 years, insulin-dependent 

diabetes mellitus, pregnancy, hepatic cirrhosis, renal failure (i.e., creatinine >200 

umol/L), known malignancy, schizophrenic disorders, organ transplantation, 
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immunologic disease, use of either NSAIDs, corticosteroids or other anti

inflammatory drugs, except for low doses of aspirin, i.e., 80-100 mg until 7 days 

before the operation. All patients of this study participated in the control group of a 

prospective double-blinded placebo-controlled trial studying the effect of 

preoperative treatment with an oral immune-enhancing nutrition supplement 

(IMPACT®, Novartis Nutrition, Bern, Switzerland) on the incidence of infectious 

complications, morbidity, and mortality in patients scheduled for elective cardiac 

surgery with CPB19. The study was approved by the Medical Ethics Committee of 

the Academic Medical Centre of Amsterdam. Each patient gave written informed 

consent. 

The clinical endpoints of the study were postoperative morbidity, reflected by the 

occurrence of adverse events. We especially focussed on the cardiac events like 

perioperative myocardial damage, infarction and supraventricular arrhythmia. A 

diagnosis of myocardial infarction was made on the following criteria: new Q-

waves and changes in ST-segment (>1 mm ST-segment elevation in >2 limb leads or 

>2 mm ST-segment elevation in >2 precordial leads, negative T-top >3mm, or 

complete left bundle branch block) in comparison with preoperative electro

cardiograms, in the presence of increasing CK-MB levels to >80 ug/L. 

Electrocardiograms were made daily for 3 postoperative days. Supraventricular 

arrhythmia included all tachycardias originating above the His bundle division, 

mainly including either atrial fibrillation and flutter, or ectopic junctional 

arrhythmia, atrial ectopic tachycardia, and multifocal atrial tachycardia with fast 

ventricular rates (100-180 beats/min), requiring anti-arrhythmic therapy. Low 

output syndrome was defined as cardiac index <2.0 L/min/ m2, the need for 

inotropic medication for more than 2 hours, and/or the insertion of an intra-aortic 

balloon pump (IABP). Postoperative renal failure was defined as increasing 

creatinine plasma levels above 200 umol/L, and/or the need for dialysis. 

Respiratory dysfunction was defined as the need for intubation with mechanical 

ventilation for longer than 48 hours. Postoperative infections were diagnosed when 

patients developed fever in combination with positive bacterial cultures and the 

intention to treat the infection with antibiotics. 

Preanesthetic medication consisted of lorazepam (2-4 mg). Anesthesia was 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. Patients were ventilated to normocapnia with oxygen in air. If 

necessary, isoflurane (0.4% to 1.2%) was added. Cefamandol (2 gm) was given for 

infection prophylaxis. Standard anesthetic monitoring techniques, i.e., electro

cardiography, pulse-oximetry, capnography, assessment of urinary output, 
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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 CML duo open system membrane 

oxygenator (polypropylene flat sheet membrane) with integrated heat exchanger 

and cardiotomy reservoir (Cobe Cardiovascular Inc., Arvada, CO), a non-pulsatile 

roller pump (Sarns 9000, 3M Health Care Group, Ann Arbor, Ml), arterial filter (AF-

1025D, Baxter Healthcare Corp, Irvine, CA) and polyvinyl tubing system (Cobe). 

The extracorporeal circuit was primed with 1 L of Haemaccel® (Hoechst Marion 

Roussel B.V., Hoevelaken, The Netherlands), 0.7 L of Hartmann® (NPBI, Emmer-

Compascuum, The Netherlands), 50 mL of 8.4% sodium bicarbonate (NPBI), and 

100 mL of 20%, w/v, mannitol. Magnesium sulphate (100 mg/ kg) and 5,000 IU 

bovine heparin (Leo Pharmaceutical Products, Weesp, The Netherlands) were 

added to the priming solution, which had a total volume of 1,850 mL. 

After systemic heparinization (300 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. The 

non-pulsatile flow rate was maintained at 2.4 L/min/m2 during cooling and 

rewarming phases. At a temperature of 27-30° C the low rate was kept at 1.8 

L/min/m2. 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 mechanical ventilation was interrupted and the 

lungs were kept at rest with static inflation (5 cm H,0, 2 1 % oxygen). The 

hematocrit during CPB 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. After 

termination of CPB, heparin was antagonized with protaminehydrochloride 

(Roche, Basel, Switzerland) at a ratio of approximately 1:1 (3 mg/kg). Residual 

volume from the extracorporeal circuit was infused into the patient. 

Following surgery, patients were admitted to the intensive care unit (ICU), and 

treated according to a standardized clinical protocol. Fluid balance, rectal 

temperature, and hemodynamic parameters were recorded every hour. Basic fluid 

administration consisted of 0.9% NaCI, and 4% modified fluid gelatin 

(Gelofusine®; Vifor Medical SA, Sankt Gallen, Switzerland). When the hematocrit 

fell to 26%, packed erythrocytes were infused. Patients were transported to the 

ward for further recovery, after their cardiorespiratory condition had stabilized. 

133 



Chapter 8 

Collection of blood samples 

Blood specimens for hemoglobin, hematocrit, white blood cell numbers, and 

platelet counts were collected into 4.5-mL glass Vacutainer® tubes containing EDTA 

(Becton Dickinson, Franklin Lakes, USA). Blood samples for analysis of CRP were 

collected into 4.5-mL siliconized glass Vacutainer ® tubes containing 3.8% 

trisodium citrate solution (0.105 M) (Becton Dickinson), whereas those for CK-MB 

assay were obtained in 4.5-mL Vacutainer® tubes containing Lithium-heparin. All 

samples were taken via a radial artery catheter. Plasma was prepared by 

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

collection, and stored in aliquots at -70° C. Blood was collected at the following 

time points: before induction of anesthesia (baseline); after induction of anesthesia; 

15 minutes after removal of the aortic cross-clamp; 15 minutes after CPB; 30 

minutes and 2 hours after arrival in the ICU; and on days 1, 2, 5, and 10 after 

surgery. Cardiac enzymes (CK-MB) were sampled 1, 4, 8, 12, 18, and 24 hours 

postoperatively, or longer if necessary in case of myocardial infarction. CK-MB was 

measured with a sandwich immuno assay on the lmmuno-1 (Bayer, Leverkusen, 

Germany). The cut-off value for perioperative myocardial infarction in this assay is 

80 ug/L. 

CRP levels were measured with a sandwich-type ELISA in which polyclonal rabbit 

anti-CRP antibodies were used as catching antibodies and a biotinylated mAb 

against CRP (CLB anti-CRP-2) as the detecting antibody. Results were related to a 

standard consisting of commercially available CRP (Behringwerke AG, Marburg, 

Germany), and expressed as mg/L. The detection limit of the assay was 10 ng/L. 

CRP levels in healthy persons are below 3 mg/L. 

Statistical analysis 
Data were stored and analyzed using standard computer software (SPSS 7.5.2, SPSS 

Inc., Chicago, IL, USA). To analyze changes in time, one factor analysis of variance 

(ANOVA) for repeated measurements was applied, supplemented with the 

Bonferroni post-hoc test. Mann-Whitney U test and Fisher exact test were used to 

analyze ordinal and dichotomous variables, respectively. Significance of 

differences in baseline CRP levels divided into tertiles was tested with the use of 

Kruskal-Wallis test. Spearman's rank correlation was calculated when appropriate. 

A two-sided probability value of p<0.05 was considered to be statistically 

significant. Values are presented as medians with interquartile range, unless stated 

otherwise. 
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Results 

Patients 

Four patients were excluded from the study because of logistic reasons, i.e., 3 of 

these 4 patients did not receive treatment (placebo nutrition) in the week before the 

operation and they also received corticosteroids perioperatively, whereas in 

1 patient the operation was postponed for non-patient related reasons. Three other 

initially included patients were not sampled for logistic reasons also. One of these 

excluded patients (after CABG) died during the postoperative period due to massive 

myocardial infarction (incomplete revascularization). So, clinical and biochemical 

studies were done in 43 patients. Clinical characteristics of these patients are 

shown in Table 1. 

Table 1 Patient characteristics and surgical data 

Age (years) 

Gender, M/F 

BSA (m2) 

LVEDP (mm Hg) 

Previous infarction 

Aspirin 

Operation type 

CPB time (min) 

Cross-clamp time (min) 

Distal anastomoses 

Peak temperature f C) 

Leukocyte max. (x109/L) 

73 (71 - 76) 

20/23 

1.82 (1.72 - 1.93) 

14 (11 - 20) 

1 7 (39%) 

24 (56%) 

23 CABG 

3 AVR/ 7 MVR/ 2 MVP 

1 CABG+AVR/ 2 CABG+MVR 

1 CABG+AVR+MVR/ 1 re-MVR 

1 re-AVR+MVR/ 2 re-CABG 

95 ( 8 4 - 129) 

65 (54 - 90) 

2 (0 - 5) 

38.2 (37.9 - 38.5) 

13.4 (11.6 - 15.6) 

Data expressed as median values (interquartile range), except for distal anastomoses (median with range). 
The internal mammary artery was used for reanastomosis in 14 patients. BSA = body surface area; LVEDP 
= left ventricle end-diastolic pressure; CABG = coronary artery bypass graft; AVR = aortic valve 
replacement; MVR = mitral valve replacement; MVP = mitral valvuloplasty; re- = redo surgery; CPB time 
= duration of cardiopulmonary bypass; peak temperature = maximum body temperature during 
postoperative period. 

Differences between patients were, as expected, related to the presence of coronary 

artery disease, resulting in differences in history of preoperative myocardial 

infarction, use of aspirin, and antianginal medication, i.e., B-adrenergic antagonists, 
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calcium channel blockers, and oral nitrates (triple therapy). In the patients under

going combined or redo surgery, duration of bypass and aortic cross-clamp was, as 

expected, longer than in the other patients undergoing either single valve or CABG 

surgery (duration of bypass: 1 61 min.; range, 94 to 192 min. versus 93 min.; range, 

80 to 120 min. and duration aortic cross-clamp: 103 min.; range, 62 to 133 min. 

versus 60 min.; range 52 to 74 min.). 

Leukocyte counts increased in all patients during the postoperative period. 

Maximum counts were mainly found on the postoperative days 2 and 3. These 

maximum leukocyte counts coincided with fever on the same days in 86% of the 

patients. Duration of CPB and aortic cross-clamp correlated with the postoperative 

area under the curve (AUC) of CK-MB release in all patients (Figure 1 A; r = 0.45, 

p=0.003 and Figure 1 B; r = 0.48, p=0.001) 

Incidence of outcome or adverse events are shown in Table 2. Eight patients had a 

perioperative myocardial infarction. One patient after mitral valve replacement 

died because of therapy-resistant low output syndrome. The most common 

postoperative event was supraventricular arrhythmia de novo, which occurred in 

53% of the patients. In 74% of these patients it occurred on days 2 and 3. Six 

patients scheduled for mitral valve operation suffered from atrial fibrillation before 

theoperation. Overall, 2 patients in total required reexploration for excessive 

bleeding. One patient suffered from cardiac tamponade 18 days after mitral valve 

replacement, which was drained successfully. Respiratory dysfunction after surgery 

occurred in 37% of the patients. Whereas infection, i.e., 2 wound, 11 respiratory, 

and 5 urinary tract had an overall incidence of 42%. 

Table 2 Adverse events 

myocardial infarction 8(19%) 

IABP 1 (2.3%) 

low output syndrome 6(14%) 

supraventricular arrhythmia 23 (53%) 

reexploration for bleeding 2 (4.7%) 

renal failure 3 (7%) 

respiratory dysfunction 16(37%) 

infection 18(42%) 

Data expressed number of cases (% of total). 1ABP= intra-aortic balloon pump. 

C-reactive protein 
Preoperative levels for CRP were 3 mg/L (median; interquartile range, 1 to 6 mg/L) 

in all patients. Forty-nine % of all patients had levels above normal values 

(<3 mg/L). Moreover, 5 patients, who were operated for CABG, had levels above 
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10 mg/L. There were no differences in baseline CRP levels between patients 

regarding preoperative aspirin intake or the type of surgery. After the operation, 

levels increased in all patients to reach maximum levels at the second postoperative 

day (median 230 mg/L; interquartile range, 189 to 279 mg/L). Thereafter, levels 

decreased significantly to reach levels on day 10 that were still higher than baseline 

levels (Figure 2). Neither maximum nor change of CRP levels were influenced by 

the type of operation. 
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Figure 1 Scatterplot showing the area under the curve of CK-MB (AUC) (y-axis) versus (A) cross-clamp-
time (X-CPB) (x-axis), and (B) CPB-time (x-axis). 

Figure 2 Course of C-reactive protein during and after CPB. Indicated time points are before (baseline) 
and after induction of anesthesia (bef. surg.), 15 minutes after release of aortic cross-clamp (15' X-clamp), 
15 minutes after end of CPB (15' end CPB), 30 (30' ICU) and 120 minutes (120' ICU) ICU-stay, and 
postoperative days 1, 2, 5, and 10. Data represent median and interquartile range (error bars). 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). 
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The patients were divided according to baseline CRP levels into three groups, 

which were analyzed for the incidence of postoperative complications including 

cardiac events, i.e., myocardial infarction and/or supraventricular arrhythmia. We 

observed no significant differences between baseline levels of CRP and the overall 

incidence of complications (data not shown). Also the incidence of cardiac events 

was not associated with baseline CRP levels, though the incidence of postoperative 

myocardial infarction tended to increase with higher baseline CRP levels (p=0.07) 

(Table 3). 

Table 3 Baseline CRP levels, maximum CRP levels, and cardiac events 

CRP level 

(mg/L) 

<2 

2 - 5 

>5 

N 

14 

15 

14 

CRP max. 

(mg/L) 

192 (149 

252 (189 

245 (216 

231) 

282) 

315) 

myocardial 

infarction 

1 (7.1%) 

2 (13.3%) 

5 (35.7%) 

CK-MB 

(pg/L) 

37(24 

37 (27 

40(22 

max. 

69) 

65) 

108) 

low output 

syndrome 

3 (21.4%) 

1 (6.7%) 

2(14.3%) 

arrhythmia 

8(57.1) 

9 (60%) 

6 (42.9%) 

Data expressed as number of patients (% of N) with postoperative myocardial infarction, low output 
syndrome, or supraventricular arrhythmia. Maximum CRP and CK-MB levels are expressed as median 
values (interquartile range). Differences between the groups were determined by Kruskal Wallis test. No 
significant differences between cardiac events. 

However, in patients with postoperative myocardial infarction baseline levels (7.5 

mg/L, median; interquartile range, 2.5 to 1 7 mg/L) were significantly higher than 

those in patients without this complication (3 mg/L; interquartile range, 1 to 5 mg/L) 

(p=0.043). To determine the relationship of the maximum postoperative CK-MB 

level with other parameters, the following independent variables for explanation 

were entered in a forward stepwise regression analysis: age, duration of CPB and 

aortic cross-clamp, CRP baseline, CRP maximum, and AUC of CRP. The maximum 

CK-MB level was explained by two variables: Max. CK-MB= -46.1 + 0.59 x 

duration of CPB + 1 . 3 x 1 0 ' x CRP (AUC); the adjusted R̂  for this model was 0.29 

(p=0.001). The confidence interval for duration of CPB was 0.23 to 0.94: for that of 

AUC of CRP, 0.001 to 0.003. When looking separately at CRP levels before 

induction, we observed 5 patients with CRP levels >10 mg/L; range, 11 to 84 mg/L. 

These 5 patients all underwent CABG. We observed no difference in CRP peak 

levels between them and the other patients. Remarkably, CK-MB maximum as well 

as the increase in CRP levels were significantly higher in the patients with CRP >10 

mg/L than in the patients with lower levels (Table 4). 
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Table 4 Relation of baseline CRP levels to CRP response and CK-MB release 

CRP max (mg/L) 

increase CRP from baseline 

CRPAUC(mg.103.hr/L) 

CK-MB AUC (ug.hr/L) 

CK-MB max. (ug/L) 

(x-fold) 

CRP <10 mg/L 

220 (188-280) 

84 (50- 159) 

29.7 (22.2 - 35.3) 

384 (148 - 1334) 

37 (24 - 68) 

CRP>10 mg/L 

247 (233 -421) 

13 ( 1 0 - 32) 

35.1 (29.1 -47.7) 

1232 (875 - 2368) 

79 (49 - 115) 

P value 

0.198 

0.003 

0.109 

0.05 

0.046 

Data expressed as median values (interquartile range). Differences between the two groups were 
determined by Mann-Whitney U test. 

Baseline CRP levels of all patients correlated w i th their max imum levels (not 

shown) or the A U C of CRP dur ing the acute phase response (Figure 3). We also 

divided the patients into three groups according to their baseline CRP levels and 

related these levels to the change in CRP and max imum CRP, respectively. The 

change as wel l as maximum levels significantly correlated to baseline levels in the 

group of patients w i t h low or medium levels, and not in the patients w i th high 

baseline levels (Table 5). 

Table 5 Correlations between baseline CRP levels and CRP increase and 

maximum CRP level 

baseline vs. increase CRP (-fold) correlation (rs) P value 

low1 

medium2 

high3 

baseline vs. 

low' 

medium2 

high3 

( 7 - 4 7 ) 

(50 - 110) 

(112 - 343) 

maximum CRP (mg/L) 

107 - 195 

197 -251 

252 - 586 

0.68 

0.74 

0.39 

0.007 

0.003 

NS 

correlation (r.) P value 

0.56 

0.41 

0.01 

0.008 

NS 

NS 

Correlations were determined with Spearman's rank correlation test. NS = Not Significant (p>0.05).1 CRP 
< 2 mg/L;2 CRP 2 - 5 mg/L;3 CRP > 5 mg/L. 

Forward stepwise regression analysis showed that max imum CRP levels were 

mainly determined by baseline levels (Table 6). The adjusted R2 for this model 

increased to 0.46 when looking separately to patients w i th preoperative aspirin 

intake. Furthermore, decreases in CRP levels from maximum levels to the levels on 

days 5 were faster in patients wi th preoperative aspirin intake (Table 7). 
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r = 0.55 

p< o.ooi 

I 1 1 
1 10 100 

CRP baseline (mg/U 

Figure 3 Scatterplol showing correlation between baseline CRP levels (x-axis) and area under the curves 

of CRP (y-axis), reflecting CRP generation. 

Table 6 F o r w a r d s tepw ise regression ana lys is o f m a x i m u m CRP levels 

Variable Coefficient Standard error p value 

Baseline CRP 4.143 0.8 <0.001 

Constant 216.970 12.2 <0.001 

Maximum CRP level = 216.970 + 4.143 x baseline CRP level. Adjusted R2 = 0.36, standard error = 71.59, 
p<0.001. Variables not in the equation: age (p=0.77), gender (p=0.81), aspirin (0.48), aortic cross-clamp 
time (p=0.81), duration of cardiopulmonary bypass (p=0.87), type of surgery (p=0.65). 

Table 7 Change of CRP levels in patients with and without preoperative 

aspirin intake 

Patients 

N 

Baseline CRP (mg/L) 

CRP max. (mg/L) 

CRP day 5 (mg/L) 

CRP day 10 (mg/L) 

CRP increase (x-fold) 

CRP decrease day 5 (x-

CRP decrease day 10 ( 

fold) 

<-fo!d) 

Aspirin 

24 

3 (1 - 7.5) 

238 (197-281) 

8 9 ( 5 9 - 122) 

51 (34- 76) 

80(29 - 189) 

3.1 (2 .2-3.6)* 

5.1 (3 .4-5 .9)* 

No Aspirin 

19 

4 (2 - 6) 

211 (177-270) 

105 (82 - 134) 

74 (52 - 83) 

71 (47- 112) 

2.3 (1 .6-2.7) 

3.7 (2.5 -4.3) 

Data expressed as median values (interquartile range). Differences between the two groups were 
determined by Mann-Whitney U test. Asterisks indicate significant decreases in CRP levels from 
maximum levels to postoperative days 5 and 10. Level of significance was p<.05. 
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Discuss ion 

In non-CABG patients, i.e., patients with (un)stable angina pectoris, and in healthy 

individuals, baseline levels of CRP have a predictive value regarding future 

cardiovascular events10.'2'13. The aim of the present pilot-study was to assess 

whether baseline CRP, as well as the postoperative course of these levels, were 

related to clinical course and outcome in a group of high-risk patients (different 

estimated surgical trauma and perioperative risk, i.e., age >70 years, ejection 

fraction <40%, mitral valvuloplasty or replacement) undergoing cardiac surgery, 

since this surgery triggers transient global myocardial ischemia. We especially 

focussed on cardiac events, including myocardial infarction, CK-MB release, and 

supraventricular arrhythmia. Indeed patients who developed perioperative 

myocardial infarction had higher baseline levels of CRP. In addition, we found that 

baseline levels correlated with postoperative CRP responses meaning that these 

levels in part reflect individual CRP responsiveness. 

In the present study, we did not observe a relationship between baseline CRP levels 

and the overall incidence of adverse events. Notably, we expected an association 

between the existence of a postoperative infection and the postoperative course of 

CRP20-21, since this acute phase protein is a good marker for inflammatory 

processes. However, we did not observe such an association, possibly because the 

ongoing acute phase response triggered by the operation may have blurred that 

induced by infection. 

Patients differed in some of their preoperative characteristics, e.g., aspirin intake 

and the presence of symptomatic coronary artery disease. However, we did not 

observe differences in the preoperative inflammatory condition, at least as reflected 

by baseline CRP levels (tertiles), of patients undergoing different types of cardiac 

surgery. Furthermore, as expected, cross-clamp time and CPB time were longer in 

case of a combined or redo procedure. The duration of either time was related to 

postoperative CK-MB release. This release of CK-MB presumably resulted from 

global ischemia-reperfusion damage, which increases with longer perfusion and 

aortic occlusion periods22. Moreover, the magnitude of the acute phase response 

depends on the extent of tissue injury the body encounters23. However, in this study 

differences in maximum CRP levels were not related to the difference in type of 

surgery between patients. 

Greaves and colleagues24 reported an incidence for postoperative myocardial 

infarction between 1 and 10% after CABG. This incidence is influenced by several 

variables like the preoperative coronary status of the patient, the technical 

difficulties in performing adequate revascularization, impaired immune system, 
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perioperative and postoperative ischemia-reperfusion damage, and the systemic 

inflammatory response. The aim of the present pilot-study was to obtain sufficient 

data in a limited number of patients to allow calculation of the sample size of a 

future more extensive study in regular patients undergoing CPB for cardiovascular 

surgery, and to obtain some preliminary evidence that CRP measurements in these 

patients may yield relevant information. To be able to study a significant number of 

patients with complications we decided to include high-risk patients. Indeed a 

relatively high percentage of patients (87%) had a significant CK-MB release, 

whereas 19% of all patients were diagnosed as having postoperative myocardial 

infarction. These relatively high percentages probably resulted from the inclusion 

criteria used. For example, age over 70 years, a well known risk factor for cardiac 

surgery25, was one of the inclusion criteria. The occurrence of supraventricular 

arrhythmia is also age related26. Thus, the relatively high incidence of this event in 

this study also likely reflected the inclusion criteria. It is obvious that a greater 

release of CK-MB levels, indicating more myocardial damage will result in more 

postoperative morbidity and may slow the speed of recovery after the operation27. 

All patients showed an acute phase reaction, resulting in maximum CRP levels on 

postoperative day 2, as we described before18. During the operation and the two 

following sampling points in the ICU directly after the operation we observed no 

significant changes in CRP levels in these patients. This length of time between 

stimulus and increased CRP levels reflects the time needed for transcription and 

generation of CRP in the liver28-30. The acute phase reaction was also characterized 

by leukocytosis and fever on the same day as maximum levels of CRP were found. 

Both maximum levels of CRP and total amounts generated during the acute phase 

response, reflected by the calculated area under the curves, were mainly explained 

by baseline CRP levels. Hence, these data strongly suggest that baseline levels of 

CRP are associated with CRP responses during acute phase reactions, and hence 

may reflect inter-individual differences in CRP responsiveness. Notably, this 

relationship between baseline CRP and postoperative course was not found in the 

patients with baseline CRP >10 mg/L We assume that these patients already had an 

ongoing acute phase response, and that preoperative levels in these patients did 

not properly reflect baseline levels. 

We observed no significant differences in postoperative cardiac events, i.e., 

myocardial infarction or supraventricular arrhythmias, when comparing patients 

with different baseline CRP levels (Table 3). Further analysis, however, revealed 

that this was due to the fact that the incidence of supraventricular arrhythmias was 

not different in patients with higher or lower baseline CRP. The incidence of 

myocardial infarction tended to be higher in patients with higher CRP baseline 
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levels (7 % in the patients with the lowest baseline CRP levels versus 36 % in those 

with the highest levels, Table 3). Indeed, when patients with or without 

perioperative myocardial infarction were compared, the former had significantly 

higher baseline CRP levels than the latter. 

The incidence of supraventricular arrhythmia was not associated with CRP levels. 

In previous studies we showed that activation of the classical complement pathway, 

reflected by maximum C4b/c levels after protamine administration, as well as CRP-

mediated complement activation were associated with postoperative supra

ventricular arrhythmia18-31. In these studies we also did not observe an association 

between CRP baseline levels and the occurrence of postoperative supraventricular 

arrhythmia. Hence, it can be postulated that CRP-mediated complement activation 

may be involved in the pathogenesis of this arrhythmia, but that this CRP 

involvement is independent from its baseline levels. Obviously more studies are 

needed to unravel the precise molecular mechanisms of this cardiac complication. 

The involvement of CRP in cardiovascular events, in particular myocardial 

infarction, is under debate. Although CRP is often considered as an indirect marker 

for the inflammatory changes ensuing in arteriosclerotic lesions, we have argued 

elsewhere that this acute phase protein itself may enhance infarction size by 

activating complement in the ischemic myocardium14. Indeed, in a post mortem 

study in humans both CRP and complement were localized in the myocardial 

infarction site32. Complement activation during the acute phase response is in part 

CRP dependent18. Moreover, in an experimental rat model, human CRP was found 

to enhance infarct size by activation of complement15. Remarkably, the patients 

with baseline CRP >10 mg/L had significantly more CK-MB release following CPB, 

suggesting that also in humans myocardial damage is enhanced during ischemic 

episodes when CRP levels are high. 

We did not observe differences in baseline CRP levels between patients who did or 

did not take aspirin before the operation. Also the initial increase of CRP during the 

first days after the operation was not significantly different in patients with or 

without aspirin. From postoperative day 2 levels of CRP declined to lower levels 

but remained still elevated above preoperative baseline values. Remarkably, the 

speed of decrease in CRP was slightly faster in patients with preoperative aspirin 

intake. We do not have an explanation for this difference. Although, aspirin (300 

mg/day) intake reduced macrophage colony stimulating factor, interleukin-6, and 

CRP responses33, we do not consider a direct effect of aspirin on interleukin-6 or 

CRP synthesis likely, since this drug was stopped a few days before the operation. 

Ridker and colleagues observed a reduced risk for myocardial infarction in 

apparently healthy men taking aspirin within the highest quartile of baseline CRP 
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levels10. Our data showing CRP baseline levels to be related with CRP 

responsiveness, and aspirin to be able to reduce CRP responses, put forward the 

intriguing explanation that the effect of aspirin on CRP-related cardiovascular risks 

occurs via its effect on CRP responses. 

We conclude that the acute phase response after cardiac surgery in high-risk 

patients results in maximum CRP levels on the second postoperative day. These 

maximum levels as well as the area under the curve of the course of CRP were 

dependent on preoperative baseline levels, suggesting the latter reflect CRP 

responsiveness. Furthermore, patients with postoperative myocardial infarction had 

higher baseline levels of CRP than those without infarction, indicating that baseline 

levels of CRP constitute a risk factor for the development of myocardial infarction 

following CPB. Hence, myocardial ischemia induced by aortic cross-clamp during 

CPB may constitute a suitable clinical setting to study involvement of CRP in 

cardiovascular disease. 
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