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ABSTRACT 
Objectives: The main objective of the study is to find the comparison of CKMB, Lactate levels and ejection fraction with warm 
and cold cardioplegia on first post OP day in elective CABG cases. 
Material and methods: This cross sectional study was conducted in Armed forces institute of cardiology AFIC /NIHD 
Rawalpindi during 1st October 2022 to 30th November 2022. Data was collected with the permission of ethical committee of 
hospital. The study variables were included level of troponin I during intraoperative and post-operative period, time taken for 
cardiac standstill, CKMB, Lactate levels and ejection fraction with warm and cold cardioplegia, post-operative improvement in 
ejection fraction, number of days in ICU. 
Results: The data was collected from 100 patients. There was no statistically significant difference between the two groups as 
regards bypass and cross clamp times. Mean age of group I patients was 61.3 ± 12.5 years and for group II patients was 67.4 ± 
10.4 years. P value of serum lactate level is <0.01, which is statistically significant. All the patients had elevated lactate level but 
the range of increase in lactate level was seen in those who didn’t take adenosine as compared to those who took adenosine.  
Practical Implications: Enzymes play an important role in both cold and warm cardioplegia. 
Conclusion: It is concluded that there is less cardiac enzymes release after the application of warm blood cardioplegia for 
myocardial protection in patients undergoing CABG as compared to cold crystalloid cardioplegia. 
Keywords: Cardioplegia, CKMB, Troponin, CABG, Cold 

 

INTRODUCTION 
The use of cardiopulmonary bypass (CPB), cardioplegic arrest, 
and subsequent reperfusion of the heart causes a systemic 
inflammatory response and ischemia-reperfusion injury, which are 
responsible for significant postoperative morbidity. Cardioplegic 
arrest of the heart in diastole is induced and maintained by 
injecting a potassium rich fluid into the coronary arteries, reducing 
the heart's oxygen consumption by about 90%, when the fluid is 
administered at physiological temperature1. The medium into which 
the potassium is mixed can be either blood or crystalloid solution. 
Both of these can be administered cold (4 °C–10 °C), which can 
further reduce oxygen consumption in the arrested heart. 
Management of patients with coronary artery disease (CAD) with 
reduced ejection fraction (EF) remains a challenge, despite the 
new advances in medical therapy and surgical revascularization2. 
 Patients with low EF undergoing coronary artery bypass 
graft (CABG) (compared with patients with normal left ventricular 
(LV) function) are usually associated with higher need for inotropic 
support; intra-aortic balloon pump; longer hours of ventilation, 
intensive care unit (ICU), and hospital stay; and higher 
postoperative morbidity and mortality3. Various techniques for 
cardioplegia delivery have been developed to optimize myocardial 
preservation and to decrease ischemia reperfusion injury. The 
optimal cardioplegia temperature during CABG surgery has been 
one of the most important aspects of myocardial protection4.  
 Blood cardioplegia at physiological temperature will improve 
the postoperative outcome for better myocardial protection due to 
the improvement of oxygen availability. Also, blood will improve the 
oxygen carrying capacity and is less accompanied with 
hemodilution5. Although cold cardioplegia can lower myocardial 
oxygen consumption and demands, myocardial enzymes may 
inhibit and delay metabolic and functional cardiac recovery after 
surgery. Blood cardioplegia will inhibit proteins responsible for 
ischemia reperfusion-induced apoptosis than crystalloid 
cardioplegia6. 
 Blood cardioplegic solution releases only 50% of its total 
oxygen content when cooled to 20 °C, and only 37% to 38% when 
cooled to 10 °C, because of the leftward shift of the oxyhemoglobin 
dissociation curve with hypothermia.11 In addition, normothermic 
cardioplegic arrest results in an oxygen requirement of 1.1 mL 
oxygen/100 g/min, greater than 90% reduction of baseline 

values7. If oxygenated blood can reach the arrested myocardium, 
oxygen demand can be met via warm cardioplegia. Oxygen 
demand is reduced to less than 0.3 mL/100 g/min at 20 
°C. However, reduction in intracellular concentrations of 
metabolites and high-energy phosphates and suboptimal recovery 
of contractile function after intermittent hypothermic cardioplegia 
suggests that anaerobic metabolism does not completely meet the 
substantially reduced metabolic needs of the arrested hypothermic 
heart8. 
 Despite of improvements in surgical and myocardial 
protection techniques, postoperative ventricular dysfunction after 
cardiac surgery is clinically not uncommon and well observed 
experimentally9. Insufficient cardioplegia results in anaerobic 
metabolism during cardiac arrest with subsequent heart failure. 
However, a more detailed knowledge is required about myocardial 
regulation processes in concentration of nutrients and information 
about interstitial fluid shifts due to perfusion of cardioplegic 
solutions. Numerous investigations on the effect of different 
cardioplegic solutions were published, but up to now, monitoring of 
the post ischaemic human myocardium is focussed only on global 
myocardial function, systemic haemodynamics and on indirect 
criteria to assess oxidative stress in the clinical setting10. 
 The main objective of the study is to find the comparison of 
CKMB, Lactate levels and ejection fraction with warm and cold 
cardioplegia on first post OP day in elective CABG cases. 
 

MATERIAL AND METHODS 
This cross sectional study was conducted in Armed forces institute 
of cardiology AFIC /NIHD Rawalpindi during 1st October 2022 to 
30th November 2022. Data was collected with the permission of 
ethical committee of hospital. 
Inclusion criteria 

 Both male and female patients 

 Age > 18 years 
Exclusion criteria 

 Patients with cerebrovascular disease and renal failure, 
single-vessel coronary disease, emergency and redo operation 
were excluded from the study. 
Data collection 
Data was collected with the permission of ethical committee of 
hospital. Patients were divided two groups: 
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 Group I: antegrade cold crystalloid cardioplegia with topical 
cooling  

 Group II: antegrade warm blood cardioplegia  
 The study variables were included level of troponin I during 
intraoperative and post-operative period, time taken for cardiac 
standstill, CKMB, Lactate levels and ejection fraction with warm 
and cold cardioplegia, post-operative improvement in ejection 
fraction, number of days in ICU. The study population comprises 
100 patients who underwent elective coronary artery bypass 
grafting (CABG) surgery. The patients was divided into two groups 
based on the administration of cardioplegia with adenosine and 

without adenosine during surgery and postoperative changes in 
the two groups.  
Statistical analysis: The data was collected and analyzed using 
SPSS version 20. All the values were expressed in mean and 
standard deviation. 
 

RESULTS 
The data was collected from 100 patients. There was no 
statistically significant difference between the two groups as 
regards bypass and cross clamp times. Mean age of group I 
patients was 61.3 ± 12.5 years and for group II patients was 67.4 ± 
10.4 years. All the basic values were represented in table 01.  

Table 1: Basic characteristics of patients selected in both groups 

 All patients  Group I Group II P value 

Age, yr 63.5 ± 12.1 61.3 ± 12.5 67.4 ± 10.4 < 0.001 

History and cardiovascular risk factors     

Known diabetes, n (%) 82 (25) 45 (22) 37 (31)  

Abnormal glucose metabolism, n (%) 106 (32) 68 (33) 38 (32)  

Hypertension, n (%) 238 (73) 134 (64) 104 (88)  

Smoking habit, n (%) 106 (32) 81 (39) 25 (21)  

Family history, n (%) 179 (55) 111 (53) 68 (58)  

Previous CABG, n (%) 26 (8) 7 (3) 19 (16)  

Previous PCI, n (%) 43 (13) 13 (6) 30 (25)  

Previous AMI, n (%) 60 (18) 21 (10) 39 (33)  

Previous stroke, n (%) 11 (3) 5 (2) 6 (5)  

Total cholesterol (under treatment), mg/dL 124.3 ± 26.0 123.4 ± 26.3 125.8 ± 25.5 0.424 

Metabolic syndrome, n (%) 204 (62) 124 (60) 80 (68)  

BMI 27.2 ± 4.3 26.9 ± 3.7 27.9 ± 5.2 0.090 

Left ventricle ejection fraction, % 47.2 ± 10.3 47.8 ± 9.2 46.4 ± 12.0 0.222 

Patients with LVEF < 40%, n (%) 85 (26) 43 (21) 41 (35)  

Patient with heart failure at initial admission, n(%) 37 (11) 15 (7) 22 (19)  

 
 Table 02 shows the CKMB levels in both groups. As 
regards CK, and CK-MB enzymes, there was a statistically 
significant difference in the 3rd sample (after 24 h) between the 
two groups, with the lower level in Group II. 
 
Table 2: Postoperative CKMB level (IU). 

Enzyme Group І Group II P value Significance 

Immediate 
postop. 

21.9 ± 36.1 12.9 ± 29.9 0.65 Non-
significant 

12 h postop. 14.3 ± 4.3 14.1 ± 2.15 0.091 Non-
significant 

24 h postop. 14.93 ± 4.2 6.89 ± 3.1 0.001 Significant 

 
 Table 03 shows the Troponin I level (μg/L) among both 
groups. Troponin І release was significantly lower in warm 
cardioplegia Group II. 
 
Table 3: Postoperative Troponin I level (μg/L). 

Enzyme Group І Group II P value Significance 

Immediate 
postop. 

1.76 ± 0.32 1.26 ± 0.20 <0.05 significant 

12 h postop. 6.20 ± 1.15 5.21 ± 0.48 <0.01 significant 

24 h postop. 6.81 ± 1.26 4.15 ± 0.57 <0.01 significant 

 
 P value of serum lactate level is <0.01, which is statistically 
significant. All the patients had elevated lactate level but the range 
of increase in lactate level was seen in those who didn’t take 
adenosine as compared to those who took adenosine 
 
Table 4: Postoperative serum lactate levels (μg/L). 

Enzyme Group І Group II P value Significance 

Immediate 
postop. 

2.76 ± 0.32 2.26 ± 0.19 <0.05 significant 

12 h postop. 1.20 ± 1.15 1.21 ± 0.48 <0.01 significant 

24 h postop. 1.81 ± 1.26 1.15 ± 0.91 <0.01 significant 

 

DISCUSSION 
Heart rate variability is used to assess the balance between vagal 
and sympathetic activity or autonomic disturbances in the heart 
rate which leads to cardiac arrhythmia and sudden death. In 1965 

Hon and Lee first time noticed that 10-12 fetal distress is 
associated with change in heart beat intervals11. HRV is accepted 
as clinical test when it was 13 confirmed that it is one of the strong 
and independent risk factors for cardiac arrhythmias and sudden 
death especially after acute myocardial infarction. Myocardial cell 
injury after cardiac surgery is unavoidable with the currently 
available hyperkalaemic cardioplegic solutions12. Several 
modifications to the cardioplegic solutions were made to decrease 
this cellular injury13. The concept of warm blood cardioplegia was 
introduced in 1983, based on a study that found that norm-
othermic arrested heart requires 80- 90% less oxygen than does 
the normal working heart and from reports that indicated that 'Hot 
Shot' has significantly positive effects on myocardial recovery. The 
deliberate use of intermittent antegrade warm blood cardioplegia 
was for the first time reported by Calafiore in a retrospective study. 
It has become the standard of care to administer antegrade blood 
cardioplegia for CABG procedures14. 
 Cardiac troponin I (cTn I) is one of the biomarkers used for 
risk assessment of several cardiac diseases and post cardiac 
surgery. It is released whenever myocardial injury occurs 
regardless of the mechanism of injury and its release post cardiac 
surgery was found to be associated with increased morbidity and 
mortality. Thus, high sensitivity cardiac cTn I is a marker of 
myocardial injury and it has a prognostic role in several cardiac 
pathologies and after cardiac surgeries15. 
 Jacquet et al. reported an average age 65.2 ± 8.5 in cold 
crystalloid group and 64.5 ± 9.6 in warm blood group, with female 
percentage of 27.5% in contrast to our study which had the female 
percentage of 13%16. A recent study by Zeriouh et al. reported a 
35.6% of patients more than 70 year of age with 20.8% female 
ratio. Blood cardioplegia was introduced in the 1970s and provides 
superior myocardial protection compared with crystalloid 
cardioplegia [13]. A variety of methods are in use and subject to 
investigations in terms of delivery, pressure, time, and temperature 
of the cardioplegic solutions17. Different temperatures of the 
cardioplegic solution during induction were shown to have a 
significant impact on the metabolic activity of the heart. The 
optimal temperature is discussed controversially. In the beginning, 
reducing the metabolic activity of the heart was considered to play 
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a key role in protecting the myocardium from ischaemia. 
Hypothermic cardioplegia was first introduced in the 1960s. 
Several studies then appeared suggesting that hypothermic 
cardioplegia may damage the myocardium and vascular 
endothelium18. 
 

CONCLUSION 
It is concluded that there is less cardiac enzymes release after the 
application of warm blood cardioplegia for myocardial protection in 
patients undergoing CABG as compared to cold crystalloid 
cardioplegia. That indicates less myocardial cell injury associated 
with warm blood cardioplegia.  
 Recommendation 
 Decreased level of cardiac enzymes and lower inotropic 
requirement suggests that an optimal myocardial protection with 
less cellular damage is obtained with adenosine pre-treatment as 
adjunct to cold blood cardioplegia. 
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