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Chapter 3 

Abstract 

Background A prospective randomised trial was carried out to evaluate whether 

heparin-coated extracorporeal circuits for patients undergoing coronary artery 

surgery could improve the clinical outcome. 

Methods Hundred-sixteen low-risk patients were randomly allocated to either a 

heparin-coated (n=55, Duraflo® II) or uncoated circuit (n=61). Systemic 

hepat izat ion was identical in both groups. Patient characteristics, differences in 

postoperative recovery and clinical chemistry were scored. In addition, we also 

evaluated patients with and without adverse events, independent of the used 

circuit. 

Results No significant differences in adverse events, blood loss, or blood 

transfusions, except for transfusion of platelets were observed. Fifty-seven adverse 

events occurred in 35 patients in the uncoated group and 47 adverse events in 30 

patients in the heparin-coated group. Sixty-five patients encountered one or more 

than one adverse event. Regardless of the coating, differences were observed in age 

(p=0.003), CK-MB peak levels (p=0.045), time to extubation (p=0.04), and ICU-

stay (p=0.001). The most frequent adverse event was supraventricular arrhythmia, 

which occurred in 44 (37.9%) of the patients, mainly on postoperative days 2 and 

3. All antianginal medication was discontinued after coronary revascularization. 

The postoperative discontinuation of ^-adrenergic antagonists was associated with 

an almost 5-fold increased risk for this complication. 

Conclusions Heparin-coated circuits during elective low-risk coronary artery 

surgery did not improve postoperative recovery of the patients compared to patients 

treated with uncoated circuits. Postoperative blood loss, blood transfusion 

requirements (except for platelets), and adverse events did not reach statistical 

significance. Nevertheless, increased age and discontinuing ^-adrenergic 

antagonists were independent risk factors for complications in the postoperative 

period. 

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

Although extracorporeal circuits in cardiac surgery have been improved during the 

last four decades, they still are known to contribute to morbidity and mortality in 

cardiac surgery1-2. The exposure of blood to abnormal surfaces but also non-physio

logic conditions during cardiopulmonary bypass (CPB), i.e., dilution of blood, 

hypothermia, non-pulsatile flow and hypovolemia are considered detrimental3. 

The coagulation cascade, the kallikrein system, the fibrinolytic system and the 
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complement cascade become activated and may culminate in a systemic 

inflammatory response syndrome (SIRS)1. This can result in a complicated 

postoperative course with sometimes cardiac, renal and pulmonary dysfunction, 

capillary leakage, abnormal bleeding and neurological disorders. Clinical studies 

have shown that the occurrence of these symptoms is partly related to the degree of 

complement activation4. Not only the contact of blood with the extracorporeal 

surface, but also the surgical trauma and the preoperative individual patient related 

factors play an important role2'5-6. 

Approaches to improve the biocompatibility of blood-exposed surfaces include 

endothelial cell seeding, heparin-like biomaterials and heparin surface coating. 

Several clinical studies reported reduced complement activation during CPB with 

heparin-coated surfaces2-7. However, there are very few data on postoperative 

clinical outcome concerning the use of heparin-coated extracorporeal circuits. 

This study was performed to test the hypothesis that Duraflo® II heparin-coated 

circuits reduce postoperative adverse events and have positive effects on the 

clinical outcome after coronary artery bypass grafting (CABG). A secondary goal of 

this study was to determine also other factors, which may influence the number of 

adverse events in the postoperative period. All the patients of this study originated 

from our institution and many but not all were also participating in a large 

multicenter trial on extracorporeal circulation circuits8. For the purpose of the 

present study, and in contrast to the multicenter trial, the patients were observed 

over a longer period of time. 

Pat ien ts and methods 

Study design 

A total of 116 patients (101 men, 15 women) aged 63 years (median; range 34 to 

76 years) undergoing elective CABG were randomly allocated to either a heparin-

coated extracorporeal circuit or a control circuit. The study was approved by the 

Medical Ethics Committee of the Academic Medical Centre of Amsterdam and 

written informed consent was obtained from each patient. Physicians and nursing 

personnel responsible for the postoperative care in the ICU and on the wards were 

blind to randomisation. All patients had a fair to good left ventricular function and 

were free of diseases other than coronary artery disease. Patients using 

corticosteroids or other anti-inflammatory drugs, except aspirin (80-100 mg) until 

as late as 3 days before the operation, were excluded from the study. Patients 

undergoing valve surgery, reoperations, emergency procedures, patients with an 

ejection fraction of less than 30% or a left ventricular end diastolic pressure of more 
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than 30 mm Hg or a history of chronic renal failure, liver disease, coagulation 

disorders, and chronic pulmonary disease were excluded. Blood loss, allogenic 

blood transfusion requirements, as well as other clinical variables like temperature, 

fluid balance, hemodynamic parameters (use of vasoactive medication), and 

duration of mechanical ventilation were monitored. Adverse events grouped in 

clinical diagnoses, i.e., low output syndrome and use of intra-aortic balloon pump, 

rethoracotomy for excessive bleeding, mediastinitis, myocardial infarction, atrial 

arrhythmia, neurological and respiratory dysfunction, or renal failure occurring 

until discharge from the hospital (at least 5 days postoperatively). 

Anaesthesia and Cardiopulmonary Bypass 

Preanaesthetic medication consisted of lorazepam (2-4 mg). Anaesthesia 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. 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-1 040), 

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

heparin-coated group all components of the circuit were treated with ionically 

bound heparin (Duraflo® II, Baxter). The extracorporeal circuit was primed with 

1 700 ml_ of Ringer's lactate solution, and 1 00 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. In case 200 mL of 

aprotinin (2 x 106 KIU Trasylol, Bayer, Leverkusen, Germany) were added to the 

priming volume, 200 mL of Ringer's lactate solution less were added in order to 

maintain a total priming volume of 1800 mL in all patients. 

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 (Sams 9000, 3M Health Care 

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

identical for both groups. All antianginal medication, i.e., oral nitrates, calcium 

channel blockers, and ^-adrenergic antagonists (triple therapy), was stopped after 

the operation. Allogenic blood transfusions were given when the hematocrit was 

less than 26%. Patients were transported to the ward for further recovery, after their 

cardiorespiratory condition had stabilised. Adverse events were recorded until 

discharge from the hospital. 

To estimate the perioperative haemoglobin loss, the circulating volume (CV) in the 

patients was calculated with the following gender specific formula: CV = 0.3561 * 

Height' + 0.0338* Weight + 0.1833 (female), and CV= 0.3669* Height + 

0.0321 9* Weight + 0.6041 (male)9. CV is given in litre, height in metre, and weight 

in kilogram, respectively. Equality in normovolemic state in the patients was 

assumed between venous blood samples taken before anaesthesia and on the day 

of discharge. With the following formula the blood loss was calculated: Blood 

loss= CV x In (Haemoglobinbase|ine/Haemoglobindischarge). To validate the method of 

perioperative haemoglobin loss measurement, we only evaluated patients not given 

allogenic blood transfusions. 

For measuring the intra operative haemoglobin loss, swabs were weighed, washed 

with 1 L of saline and sampled for haemoglobin concentration. After gently shaking 

the solution, haemoglobin samples were taken from the collected suction waste. 

The volume of mediastinally shed blood was measured 6 and 18 hours after the 

operation and after removal of the chest drains. The total haemoglobin loss into the 

drains was measured. The results of the two ways of estimating blood loss were 

compared. 

Collection of blood samples 

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

platelet counts were collected in 5 ml_ glass vacutainer tubes containing 

ethylenedinitrilotetraacetic acid (EDTA) (Becton Dickinson, Franklin Lakes, USA). 
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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. Blood 

samples were obtained at the following time points: on the day of admission, after 

the induction of anaesthesia (prior to median sternotomy); the end of operation; six 

hours after arrival at the ICU; second to fifth postoperative days; and day before 

discharge. 

Statistical analysis 

Data were stored and analysed 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 post-hoc test. Correlations were determined with the Spearman's rank 

correlation test. Comparison between the groups were performed using the Mann-

Whitney U-test. Odds ratios with 95% confidence intervals (CI) were calculated for 

the use of ^-adrenergic antagonists and triple therapy. A two-sided probability value 

of P<0.05 was considered to be statistically significant. Data are presented as 

median with 5 and 95 percentiles, unless otherwise stated. 

Results 

Patients 

The clinical characteristics and surgical data of the patients included are listed in 

Tables 1 and 2. No significant differences between the two groups regarding 

preoperative characteristics, data during surgery, ICU-stay, duration of ventilation, 

body temperature and leukocyte counts were found. One patient allocated to a 

heparin-coated circuit was excluded, because he developed unstable angina and 

had to be treated with heparin and nitroglycerin treatment the day before the 

operation. Seventy-four patients received triple therapy, i.e., oral nitrates, calcium 

channel blockers, and ^-adrenergic antagonists. Sixty-four patients had a history of 

a previous myocardial infarction. There was no significant difference in blood loss 

between groups, nor in need for transfusion or haemoglobin level at discharge. The 

postoperative haemoglobin level (8.3 mmol/L, range 7.1 to 9.1 mmol/L) was almost 

1 mmol/L less compared to the preoperative level (9.2 mmol/L, range 7.9 to 10.4 

mmol/L). Course of the plasma haemoglobin, leukocytes and platelets levels are 

depicted in figures 1 and 2. Haemoglobin levels were already significantly lower 

after induction of anaesthesia. The platelet count fell in both groups after start of 

CPB. 
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Figure 1 Course of plasma haemoglobin levels preoperatively on the day of admission, after induction of 
anaesthesia, during CPB, after sternal wound closure, in the ICU, postoperative day 2, and at time of 
discharge. There were no significant differences between the two groups. Data represent median and 
IQR. 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). 

Table 1 Clinical Characteristics of Patients 

Uncoated (n=61) Heparin-coated (n=55) 

64 (42 - 74) 61 (48-75) 

51/10 50/5 

82(59-100) 80(63-104) 

175(159-188) 175(162-190) 

2.01(1.64-2.26) 1.97(1.74-2.33) 

12(6-26) 12(5-24) 

36 (59%) 28 (62%) 

36 (59%) 34 (62%) 

39 (64%) 35 (64%) 

8.2(6.9-9.6) 8 .4(7.3-9.1) 

206(132-297) 190(128-282) 

5.6(3.9-10.7) 5.7(3.9-9.4) 

Data represent median and 5 to 95 percentile range, number of cases (%). BSA = body surface area; 
LVEDP = left ventricle end-diastolic pressure. Differences between the two groups were determined by 
Mann-Whitney U-test. No significant differences between groups. 

age (years) 

gender, M/F 

body weight (kg) 

height (cm) 

BSA(m2) 

LVEDP (mm Hg) 

previous infarction 

aspirin 

triple therapy 

haemoglobin preop. (mmol/L) 

piateiet count preop. (x109/L) 

leukocytes preop. (x109/L) 
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Table 2 Surgical and Postoperative data 

Uncoated (n=61) Heparin-coated (n=55) 

heparin dose (x103/L) 35.0(23.2-51.3) 33.9(22.1-49.2) 

aprotinin 14(23%) 9(16%) 

protamine dose (mg) 300 (200-395) 300 (200-400) 

CPB time (min) 94 (39-1 54) 95 (61-1 68) 

cross-clamp time (min) 59 (24-97) 58 (36-110) 

proximal anastomoses 2 (0-3) 2 (0-5) 

distal anastomoses 4 (2 -7 ) 4(1-7) 

arterial grafts 37(61%) 28(51%) 

extubation (hr) 19(11-108) 18(11-47) 

ICU-stay(hr) 24(18-139) 24(18-137) 

peak temperature (°C) 38.0(36.8-39.0) 38.0(37.8-38.9) 

temperature max. (°C) 38.3 (37.8-39.2) 38.3 (37.8-38.9) 

leukocyte max. (x109/L) 12.0 (8.2-20.1) 12.4 (9.2-20.4) 

Data represent median and 5 to 95 percentile range, number of cases (%), except for distal anastomoses 
and arterial grafts (median with range). The internal mammary artery was used for re-anastomosis in 28 
patients in the heparin-coated group and in 37 patients in the control group. CPB time = duration of 
cardiopulmonary bypass; peak temperature = first peak during first 18 hours; temperature max. = second 
temperature peak during acute phase response. Differences between the two groups were determined by 
Mann-Whitney U-test. No significant differences between groups. 

This decrease was paralleled by the decrease in haemoglobin. Leukocytes 

increased significantly after cessation of CPB, culminating in peak levels (12.0 x 

109/L, range 8.2 - 20.1 x 109/L, Figure 2) in 73% of the patients on postoperative 

days 2 to 4 (Fig 3). This increase in leukocytes was paralleled with increases in 

body temperature (38.3°C, 37.8 - 39.2°C) also in 73% of the patients during the 

same period. There were no significant differences between the two groups, except 

for difference in transfusion of platelets. One patient in the control group required 

surgical reexploration. In the coated group 2 patients required surgical 

reexploration because of excessive blood loss, of which one patient was operated 

twice after 1 and 25 hours, respectively. These 3 patients received platelet 

transfusions. 

The incidence of adverse events in both groups like low output syndrome, need for 

reexploration, need for intra-aortic balloon pump, renal failure, mediastinitis, 

myocardial infarction, respiratory dysfunction, neurological dysfunction, 

supraventricular arrhythmia, and infections are listed in table 4. There were no 

significant differences observed between both groups. In the postoperative period 

adverse events occurred in 65 (56%) patients. Some patients encountered more 
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admission cpb end icu day 2 3 4 5 admission cpb end icu day 2 3 4 5 
induction operation induction operation 

Duraflo II® — • - Duraflo ll{ 

Figure 2 Course of plasma leukocyte (A) and platelet (B) levels preoperatively on the day of admission, 
after induction of anaesthesia, during CPB, after sternal wound closure, in the ICU, and on postoperative 
days 2 till 5. There were no significant differences between the two groups. Data represent median and 
IQR. 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). 

than one such an event. Thirty-five patients in the control group had 57 adverse 

events versus 47 adverse events in 30 patients in the heparin-coated group. No 

differences were found between the 2 groups concerning the hemodynamic 

response, use of cardiotonic support, and changes in body temperature. 

When looking at adverse events in all patients together, we observed the 

influencing variables age and postoperative CK-MB levels. Consequently, ICU-stay 

and period of ventilation were prolonged (Table 5). 

Concerning the most common adverse event, atrial fibrillation with rapid 

ventricular rate, we observed that 41 out of all 44 patients with atrial fibrillation 

(93%) were on ^-adrenergic antagonists preoperatively. Whereas 54 out of all 72 

patients without atrial fibrillation (75%) had preoperative ^-adrenergic antagonist 

therapy (p=0.014, Fig 4A). 
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Table 3 Blood loss 

Uncoated (n=61) Heparin-coated (n=55) p-value 

ACT (pre-) 

ACT (post-) 

blood loss during surgery 

blood loss 6 hrs (ml_) 

cumulative blood loss 18 hrs (mL) 

total blood loss (mL) 

Hb loss total (mmol) 

Hb difference (mmol/L) 

donor blood use (Units) 

patients receiving red cells (no.) 

fresh frozen plasma (ffp) (Units) 

patients receiving ffp (no.) 

platelets (Units) 

patients receiving platelets (no.) 

Hb level (mmol/L) at discharge 

124(90-167) 

124 (100-150) 

621 (332-1853) 

430 (220-1461) 

760 (345-2178) 

1697 (876-3521) 

7.4 (4.9-14.3) 

1.0 (-0.4-2.2) 

84 

123 (96-174) 

127 (78-166) 

768 (405-1608) 

525 (188-1699) 

845 (392-3464) 

1735 (908-3355) 

8.8 (4.4-15.3) 

0.9 (-0.7-2.4) 

107 

30 (49.1%) (1 to 9 units) 37 (67.3%) (1 to 14 units) 

32 44 

11 (18%) 10 (18.2%) 

1 9 

1 (1.6%) 7 (12%) 

7.3 (6.0-8.5) 7.4 (6.2-8.7) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

0.017 

0.019 

NS 

Data represent median and 5 to 95 percentile range, number of cases (%). ACT=activated clotting time 
(s), pre- and postoperative; Hb difference= difference between pre- and postoperative Hb level. 
Differences between the two groups were determined by Mann-Whitney U-test. NS = Not Significant 
(p>0.05). 

Table 4 Adverse events between groups 

Uncoated (n=61) Heparin-coated (n=55) 

low output syndrome 

reexploration for bleeding 

IABP 

renal failure 

mediastinitis 

myocardial infarction 

respiratory dysfunction 

neurological dysfunction 

supraventricular arrhythmia 

infection 

2 (3.3%) 

1 (1.6%) 

3 (4.9%) 

6 (9.8%) 

1 (1.6%) 

2 (3.3%) 

8 (13.1%) 

1 (1.6%) 

26 (42.6%) 

7 (11.5%) 

0 

3 (5.5%) 

1 (1.8%) 

2 (3.6%) 

1 (1.8%) 

7 (12.7%) 

9 (16.4%) 

0 

18 (32.7%) 

5 (9.1%) 

Data represent number of cases (%). IABP= intra-aortic balloon pump. Differences between the two 

groups were determined by Mann-Whitney U-test. No significant differences between groups. 
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2 3 4 

Postoperative days 

2 3 4 5 6 7 

Postoperative days 

Figure 3 Time to occurrence of leukocyte maximum (A) and temperature maximum (B) during the 
postoperative days after coronary bypass surgery, depicted as cumulative number of patients. 

Table 5 Adverse events overal 

age (years) 

HECC 

CPB time (min) 

cross-clamp time (min) 

extubation (hr) 

ICU-stay (hr) 

CK-MB peak (ug/mL) 

Yes (n=65) 

66 (48-75) 

30 

95 (57-165) 

61 (29-99) 

19 (11-106) 

40 (18-157) 

22 (8-91) 

No (n=51) 

57 (39-75) 

21 

92 (39-160) 

58 (22-107) 

18 (10-27) 

23 (18-64) 

18 (7-41) 

p-value 

0.003 

NS 

NS 

NS 

0.04 

0.001 

0.045 

Data represent median and 5 to 95 percentile range. Differences between the two groups were 
determined by Mann-Whitney U-test. NS = Not Significant (p >0.05). HECC = heparin-coated 
extracorporeal circuit. 

This significant difference also occurred when looking at the patients on triple 

therapy before the operation. Thirty-five out of the 44 patients with atrial fibrillation 

(80%) were on triple therapy before the operation in contrast to 39 out of the 72 

patients without atrial fibrillation (54%) (p=0.004, Fig 4B). We calculated an 

increased risk, odds ratio 4.6 (95% CI 1.3-16.5), for development of postoperative 

atrial fibrillation when ^-adrenergic antagonist were stopped directly after 

revascularization in patients taking these drugs preoperatively. When triple therapy 

was stopped after the operation, we calculated an odds ratio of 3.3 (95% CI 

1.4-7.8). The cumulative occurrence of atrial arrhythmia shows that in 50% of the 

cases the rhythm disturbances occurred after the second postoperative day (Fig 5). 

In the ICU atrial fibrillation was treated with amiodarone, whereas on the ward 

either the combination of digoxin and verapamil, or sotalol was administered, 

because the central venous line was removed after discharge from the ICU. 
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patients with patients without 
atrial fibrillation atrial fibrillation 

patients with patients without 
atrial fibrillation atrial fibrillation 

patients with 
R-blocker 

patients without 
ls-blocker 

41 

3 

54 

18 

patients with 
triple therapy 

patients without 
triple therapy 

35 

9 

39 

33 

Figure 4 Number of patients with and without atrial fibrillation and with and without ^-adrenergic 

antagonists (A) or triple therapy (B). 
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Figure 5 Time to occurrence of postoperative atrial Figure 6 Scatterplot showing calculated haemo-
arrhythmia after coronary bypass surgery in the patients globin loss (y-axis) versus measured haemoglobin loss 
(adapted from Am J Cardiol.27 (x-axis). 

All patients had sinus rhythm at the moment of discharge. 

For the patients w h o d id not receive al logenic blood transfusions the calculated 

haemoglobin loss correlated w i th the measured haemoglobin loss (r = 0.43, 

p=0.004; Fig 6). Blood loss increased when one or more than one arterial graft was 

used for anastomosis (chest tubes: 750mL, range 385-2247ml_ vs. 975mL, 

5 6 5 - 2 1 7 5 m l , p < 0 . 0 0 1 ; total b lood loss: 1537ml_, 8 7 4 - 3 5 6 0 m L vs. 1760, 

978-3514ml_p=0.006). 

Four of the 8 patients who developed acute renal fai lure after the operat ion had 

increased preoperative plasma creatinine levels (range, 1.37 tot 1.94 mg/dL). These 
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levels further increased (range, 2.83 tot 5.56). No patient required dialysis. All 

plasma creatinine levels returned to baseline within 10 days. 

Discuss ion 

This study describes the clinical aspects of patients undergoing elective coronary 

artery surgery with either a heparin-coated or uncoated extracorporeal circuit both 

during and after the operation. The observation period lasted until discharge of the 

hospital. In the early nineties heparin-coated circuits were introduced to mimiek 

the normal physiological interface between blood and the endothelium in the 

human body. It was hypothesized that this should lead to a better biocompatibility 

and therefore reduction of activation of blood components27'10 and mitigation of 

the inflammatory response syndrome1. In contrast to the majority of articles 

published, concerning the complement and coagulation cascades, we focussed in 

the present study on the clinical aspects and adverse events during the 

postoperative period. We hypothesized that the use of heparin-coated circuits 

should reduce postoperative adverse events. The data of the present study however 

do not support this hypothesis. The incidence of adverse events was not different 

between both groups. The observed difference in the transfusion of platelets was 

mainly explained by excessive blood loss and the subsequent reexploration for 

bleeding. 

A secondary goal of this study was to determine also other factors which may 

influence the clinical course, including blood loss, and the number of adverse 

events in the postoperative period. Factors like the surgical trauma, hemodilution, 

endotoxin translocation through intestinal mucosal ischemia, ischemia-reperfusion 

injury, and protamine-heparin complexes play still a major role in postoperative 

morbidity1-3'6. Therefore, apart from these surgery related factors, it is important to 

identify and estimate preoperative patient-related risk factors5'1112. Blood loss 

increased when the internal mammary artery was used for grafting, as previously 

reported13. The fact that we found no difference in blood loss or transfusion 

requirements between both groups might be explained by identical and non-

reduced heparinization protocols1415. 

In the present study only 9 patients in the heparin-coated group and 14 patients in 

the control group received aprotinin. Mainly due to lack of power, we did not find 

any influence of aprotinin on blood loss or outcome. Although, several investigators 

described the pros and cons of the use of aprotinin in cardiac surgery, a recently 

published meta-analysis stressed on the overall benefits, i.e., a reduction in 

mortality, need for rethoracotomy, and blood transfusion requirements16. 
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The observed decrease in haemoglobin concentration after induction may be 

explained by the fact that preoperative samples were taken by venous puncture, 

whereas the samples after induction were taken from the radial artery. Also the 

effect of posture on haemoglobin concentration, i.e., the ambulatory patient on the 

day before the operation vs. the supine position after induction, could have 

influenced this difference9. Moreover, stress induced release of vasopressin can 

lead to an increase in plasma volume17. The decrease in platelets after induction of 

CPB may be due to hemodilution, although activation and adhesion to the 

extracorporeal circuit has been described before1014. Leukocytes increased after 

the start of CPB in both groups, and increased further till maximum counts were 

reached during the first postoperative days. These changes in leukocyte counts 

were paralleled by changes in body temperature, and similar to earlier 

observations18. 

Atrial arrhythmia is still of major concern after cardiac surgery. In the present study 

postoperative arrhythmia, i.e., atrial fibrillation or flutter, occurred during the first 

5 postoperative days, which is the period of maximum arrhythmia risk. The peak 

incidence (73% of the patients) occurred on days 2 and 3. This is consistent with 

previous reported incidences19'20. All patients had sinus rhythm before the 

operation. In the present study antianginal medication, including ft-adrenergic 

antagonists, was discontinued after the operation. We observed a difference in the 

occurrence of atrial fibrillation between the patients with and without the use of R-

adrenergic antagonists preoperatively. The increase of ^-adrenergic receptors 

through upregulation by ^-adrenergic antagonists21, together with the effect of the 

possible proarrhythmic properties of the B-adrenergic agonists used to improve 

hemodynamics in the early postoperative phase22, and in combination with the 

endogenous sympathetic hyperactivated state of the human body as a result of the 

surgical trauma23 could have created the ideal conditions for the development of 

atrial arrhythmia. Advanced age is also considered as an important predictor for 

postoperative arrhythmia19. Very likely to sample size of our study, we did not find 

advanced age a risk factor for atrial arrhythmia. However, advanced age was 

indeed associated with an increased overall incidence of adverse events. Although, 

in general the precise mechanism in the development of arrhythmia is not known, 

intraoperative atrial ischemic injury as a result of inadequately myocardial 

preservation of the atria can lead to nonuniformity in the refractory period 

distribution and can trigger atrial arrhythmia20. Gradual shortening of the atrial 

monophasic action potential and reduction of the refractory period predicted 

imminent atrial fibrillation24. Recently, the ligament of Marshall, which is richly 

innervated by sympathetic nerves was mentioned as a possible substrate for 
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adrenergic atrial tachyarrhythmia in the canine heart25. Furthermore, the impact of 

the surgical trauma on the human body induces an acute phase response, which is 

recognised by the generation of various acute phase proteins26. C-reactive protein 

(CRP), the prototypical acute phase protein in man, plays a central role in the acute 

phase response. 

Moreover, we recently stressed on the association of arrhythmia with CRP-mediatecl 

complement activation during the acute phase response after cardiac surgery18. So, 

patients taking ^-adrenergic antagonists preoperatively are likely to have an 

increased risk for developing atrial arrhythmia after the operation, when B-

adrenergic antagonists are stopped immediately after revascularization. Therefore, 

if possible, patients should continue their ^-adrenergic antagonists. Such a regime 

is also supported by other reports. In patients not taking ^-adrenergic antagonists 

preoperatively, prophylactic low dose sotalol (40 mg every 8 hours) started a few 

hours after the operation reduced the incidence of postoperative atrial arrhythmia 

with 50%27. Also amiodarone started 1 week before surgery reduced the incidence 

significantly28. None of these data however reports on the duration of medication 

intake needed after the operation. Maximum levels of acute phase proteins are 

found during the first 48 postoperative hours, and complement activation mediated 

by CRP is returning to baseline by day 518-26. If CRP plays an important role, it might 

be advisable at least to continue intake until the acute phase response has resolved. 

In addition, Mangano and colleagues observed a reduction in mortality and 

cardiovascular ischemic events in patients at risk for coronary artery disease 

undergoing general surgery perioperatively treated with ^-adrenergic antagonists29. 

These protective effects of B-adrenergic antagonists were also observed in high-risk 

patients, who had abnormal results on dobutamine stress echocardiography, 

undergoing major vascular surgery11. As the underlying chronic inflammatory state 

associated with coronary artery disease is still present despite revascularization, it 

is possible that patients undergoing cardiac surgery might also benefit from this 

protective effect after the operation. On the other hand, patients taking B-adrenergic 

antagonists or triple therapy might have a more aggressive form of coronary artery 

disease which could explain the observed difference, although we did not find 

differences regarding preoperative infarction or number of diseased coronary 

vessels between patients with and without B-adrenergic antagonists preoperatively. 

Concerning the complication of acute renal failure after coronary artery surgery as 

in the present study, Conlon and colleagues recently stressed on the importance of 

the preoperative plasma creatinine level, presence of diabetes, or carotid artery 

bruit, and duration of CPB30. 
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In conclusion, the use of heparin-coated circuits during elective low-risk coronary 

artery surgery did not provide significant benefits compared with the uncoated 

circuits in preventing adverse events in the postoperative period. This might be due 

to the fact that we studied "apparently healthy" low-risk patients. Except for the 

observed difference in transfusion of platelets, both groups experienced similar 

postoperative blood loss, transfusion requirements of allogenic blood, and adverse 

events. Both groups also experienced the same leukocytosis and increased body 

temperature during the postoperative period as possible clinical markers of the 

acute phase response. Patients on ^-adrenergic antagonists before the operation 

should continue the intake of this medication after the operation if possible in order 

to reduce the risk of atrial arrhythmia. The adverse events a patient is confronted 

with after cardiac surgery are likely the result of the impact of the surgical factors 

encountered as well as the preoperative condition of the patient. 
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