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Introduction
Cardioplegia is a solution containing a mixture of a number 
of ingredients most importantly Potassium which abolish the 
electromechanical activity of the myocardium in order to 
reduce the metabolic demands of the heart and ensure 
myocardial protection for patients of all ages requiring       
cardiac surgery in which the heart must be stopped. Different 
compositions of cardioplegia have been used, each having 
individual advantages and limitations. St. Thomas’ hospital 
cardioplegia solution is a widely used crystalloid cardiople-
gic solution designed for routine clinical use combining 
optimal protection with simplicity of formulation and admin-
istration1. Conventionally this cardioplegia is repeated every 
10-20 minutes to maintain myocardial protection. During 
delivering cardioplegia, surgical field is obscured by blood, 
ischemic time is increased and operation time is also 
increased2. Researchers at the University of Pittsburgh led by 
Dr. Pedro Del Nido developed a novel formulation which can 
maintain prolonged ischemic time (one hour) with a single 
dose3. This cardioplegia solution designed to protect pediatric 
myocardium, may also be beneficial for elderly patients. 

However, elderly patients undergoing cardiac surgery have 
a higher risk of significant cardiac dysfunction leading to 
post-operative complications and reduced survival when 
compared to younger adult patients4. This is because aged 
hearts are particularly vulnerable to ischemia-reperfusion 
injury that occurs during cardiac surgery5. Whereas the 
neonatal heart has been shown experimentally to recover 
better following ischemia-reperfusion with single-dose 
cardioplegia6. The aim of the study was to determine if the 
use of Del Nido cardioplegia could result in superior 
functional recovery in adult hearts compared to our standard 
cardioplegia solution, since there has been a lack of 
evidence in the literature, in basic science and clinical 
research, to support the use of Del Nido cardioplegia on the 
adult population.  
 
Materials and methods 
This prospective interventional study was conducted in the 
Department of Cardiac Surgery, National Heart Foundation 
Hospital and Research Institute from July, 2013 to June, 
2015. Forty prospectively selected patients were allocated 
into two groups with 20 patients in each group. Group A : 
patient who  has got  Del Nido  cardioplegia [l L Hartmann's 
solution, Mannitol 20%: 16.3 ml, Magnesium Sulfate 50%: 

 Original Article
Comparison of Early Outcomes Between Del Nido

Cardioplegia and St. Thomas Cardioplegia in Adult Patients 
who had Cardiac Surgery 

Chowdhury DIR, Al-Manzo MIS, Gupta SD, Akter N, Chanda PK, Ahmed F
Department of Cardiac Surgery, National Heart Foundation Hospital & Research Institute, Dhaka, Bangladesh

Abstract 
Background: Del Nido cardioplegia is widely used in pediatric cardiac surgery for its advantages. This study was done to 
compare the effect of Del Nido and St. Thomas cardioplegia on adult patient undergoing cardiac surgery.
Materials and Methods: This single center prospective study performed between July, 2013 to June, 2015 included a total 
of 40 adult patients undergoing elective on pump cardiac surgery considering exclusion criteria. They were allocated into two 
groups with 20 patients in each: Group A: patient who has got Del Nido cardioplegia, Group B: patients who has got St 
Thomas cardioplegia. All the baseline characteristics, post-operative findings and outcome data were then compared between 
the two groups.
Result: Total operative time was significantly less with Del Nido cardiplegia, (182±20.96 minutes and 201±10.26 min, 
p=0.001). But per operative spontaneous activity during cardiac arrest [65% and 25%, (p=0.01)], return of rhythm after 
releasing crossclamp (7.15±1.5 minutes & 4.5±1.1minutes (p=0.0001)], use of inotropes during operation (p=0.003), postop-
erative ICU stay, post-operative hospital stay, development of low output syndrome post operatively (40% & 5%, p=0.009) 
- use of Del Nido cardioplegia  had significant inferior outcome.
Conclusion: Safety and superiority of use of Del Nido cardioplegia during adult cardiac surgery is not established from this 
study.
 
Keywords: Cardiac Surgery, Del Nido cardioplegia, St Thomas cardioplegia                 (JNHFB 2019; 8 : 68-71)

4 ml, Sodium Bicarbonate 8.4%: 13ml, Potassium Chloride 
(2meq/ml): 13 ml, Lidocaine 1%:13 ml)] and Group B : 
patients who has got  St Thomas cardioplegia (NaCl:110.0 
mm0l/l, NaHCO3:10.0 mmol/l, KCl: 16 mmol/l, 
MgCl2:16.0 mmol/l, CaCl2:1.2 mm). All adult patients 
undergoing elective on-pump cardiac surgery were included 
in the study. Patients undergone emergency surgery or 
critically ill patients, having severe left ventricular dysfunc-
tion (LVEF≤30%), liver dysfunction (Serum Bilirubin ≥ 
2mg/dl) or renal dysfunction (Serum Creatinine≥2.0 mg/dl), 
associated acute or chronic pulmonary disease or undergo-
ing re-do surgery were excluded from the study. All the 
baseline characteristics, post-operative findings and 
outcome data were compared between the two groups. The 
use of Del Nido cardioplegia compared to standard             
cardioplegia on functional recovery in adult’s heart surgery 
determined by assessing the cardiomyocyte damage after 
arrest and reperfusion, spontaneous activity during             
cardioplegic arrest, return of rhythm at reperfusion, occur-
rence of arrhythmia on reperfusion, the lactate level and the 
requirement of inotropic support at the time of leaving the 
operating room.

Results
Base line characters of 40 patients are outlined in table1.In 
this study mean age in group-A was 46.70 ±9.63 years and 
in group-B was 40.45±13.25 years, 55% and 75% was male 
in both groups. Most of the patients had aortic valve disease 
in both groups, (p, 0.109). The mean LVEF before operation 
was 61.69 ± 4.4% and 60.70±4.3% in group-A and group-B 
respectively. Preoperative left ventricular hypertrophy in 
ECG was observed in 20% and 15% in group-A and 
group-B respectively. Pre-operative arrhythmia was occur-
ring in 10% patient in group - A and in 15% patients in 
group-B (p, 0.500). The overall difference between the 
groups with respect to risk factors was non-significant. 

Total operative time was significantly less with Del Nido 
cardiplegia, 182±20.96 minutes and 201±10.26 minutes in 
group-A and group-B respectively (p, 0.001). But per opera-
tive spontaneous activity during cardiac arrest was signifi-
cantly more in group-A, it was 65% and in group-B it was 
25% (p, 0.01). Del Nido cardioplegia delayed the return of 
rhythm during after releasing crossclamp, 7.15±1.5 minutes 
in group A and 4.5±1.1minutes in group B (p, 0.0001). Use 
of inotropes during operation was again significantly higher 
in group A (60%) than in group B (15%) (p, 0.003). Postop-
erative ICU stay was significantly longer in group-A 
(32.15±8.4 hours) than in group-B was (21.9±6.5 hours). 
Group A again had longer duration of post-operative hospi-
tal stay 10.95±1.9days and in group-A was 8.3±1.1(p, 
<001).Development of low output syndrome after operation 
in group-A was in 40% patients and in group-B was 5%(p, 
0.009.There was significant increase of cardiac myocite 
damage noticed after use of Del Nido cardioplegia. No 
patient in either group died on postoperatively. There was 

no incidence of adverse events like stroke and renal failure 
in any group in our study.

Table 1: Patient Characteristics

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 2: Analysis of preoperative variables

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 3: Comparison between early postoperative outcomes

Categorical data are presented as n (%) and continuous data as the mean ±SD

Discussion
In an in vitro isolated cardio myocyte study, it was found 
that a reduction in spontaneous activity in aged hearts   
arrested with Del Nido cardioplegia7. This may be related to 
Na+ channel blockade with lidocaine, but DelNido             
cardioplegia also contains slightly more K+ and Mg2+ than 
other standard cardioplegia resulting in more pronounced 

membrane depolarization that may also contribute to more 
effective arrest8. It was found that myocardial function was 
closely related to intracellular Ca2+ concentration. The 
normal Ca2+ flux in the myocardium increases intracellular 
Ca2+ for contraction and decreases it for relaxation. If Ca2+ 
is allowed to accumulate in the myocardium, relaxation may 
be interrupted and diastolic stiffness with poor recovery 
may result9.

In contrast, for the young adult hearts, there was no signifi-
cant difference in the incidence of spontaneous activity 
during cardioplegic arrest between Del Nido and standard 
cardioplegia10,11. This suggests that Del Nido cardioplegia 
may not be more advantageous than standard cardioplegia in 
providing an effective arrest for the young adult heart. A 
possible explanation for this finding is that since young 
adult hearts are more tolerant to ischemia-reperfusion injury 
than aged hearts5. Del Nido cardioplegia delayed the return 
of rhythm in both aged and young adult hearts. The time to 
return of first heartbeat was twice as long with Del Nido 
cardioplegia in the aged hearts study than standard cardio-
plegia.  This corresponds with what cardiac surgeons at the 
iwk children’s hospital anecdotally observed in their clinical 
practice when they switched from standard to Del Nido 
cardioplegia for their pediatric patients7,8.

During ischemia and reperfusion, the late or persistent 
inward Na+ current is increased, which can predispose 
hearts to early after-depolarization-like activity and arrhyth-
mia12,13.  This late Na+ current can be reduced by Na+ 
channel blockers including lidocaine. Reperfusion ventricu-
lar fibrillation and arrhythmias are indicators of reperfusion 
injury as they impose extra metabolic demand on the 
ischemic heart while decreasing the oxygen supply due to 
their deleterious effects on myocardial blood flow, thus 
aggravating post-ischemic reperfusion injury. The low 
incidence of reperfusion ventricular fibrillation is thought to 
be related to hyperkalemia14,15.

In the aged hearts, use of Del Nido cardioplegia resulted in 
less myocardial damage as reflected by lower troponin-I 
release during reperfusion, compared to standard cardiople-
gia. In contrast, in the young adult hearts, there were no 
significant differences in troponin-I release between Del 
Nido and standard cardioplegia, providing evidence to 
further support the first hypothesis that Del Nido cardiople-
gia provides superior myocardial protection to the aged 
heart than standard cardioplegia, and the second hypothesis, 
that Del Nido and standard cardioplegia offer similar levels 
of protection in the young adult heart, with none being better 
than the other. Hemodynamic and functional recovery in 
isolated hearts aged myocardium behaves differently than 
mature myocardium during ischemia and is not as well 
protected by some cardioplegia solutions16,17.

Comparison of two cardioplegia strategies that are currently 
used clinically, therefore Del Nido cardioplegia was    

administered as a single dose and standard cardioplegia was 
delivered in multiple doses. Evidence suggests that in 
adults, multi-dose 4:1 blood cardioplegia offers benefits 
over a single dose18.

The fact that the young adult hearts did not show superior 
functional recovery with use of Del Nido cardioplegia may 
be due to the fact that since adult hearts have been shown to 
be more tolerant to ischemic injury than the aged heart, and 
that intracellular Ca2+ levels are significantly lower in the 
adult heart vs. The aged heart, the degree of Ca2+ overload 
in the adult heart is lessened such that Del Nido cardioplegia 
may not exert the same benefits in the young adult heart as 
it does in the aged heart, or perhaps that standard cardiople-
gia is adequate enough to provide protection to the young 
adult heart19.  

During the earliest phase of reperfusion, development of 
cardiomyocyte hypercontracture has been shown to be the 
primary cause of cardiomyocyte necrosis. It has been 
demonstrated that control of hypercontracture during reper-
fusion reduces the extent of tissue injury. Under conditions 
of energy depletion such as during ischemia-reperfusion 
injury, the cytosol of the cardiomyocyte becomes loaded 
with Na+ and Ca2+20. 

Conclusion
This was a purposive and non-randomized sampling single 
center study. This study showed that Del Nido cardioplegia 
demonstrated in adult heart is associated with more sponta-
neous activity during cardiac arrest, requiring more time for 
spontaneous restoration of cardiac activity, increased rate of 
peri-operative myocardial infarction, more low output 
syndrome and Post-operative hospital stays than St-Thomas 
cardioplegia solution.
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Introduction
Cardioplegia is a solution containing a mixture of a number 
of ingredients most importantly Potassium which abolish the 
electromechanical activity of the myocardium in order to 
reduce the metabolic demands of the heart and ensure 
myocardial protection for patients of all ages requiring       
cardiac surgery in which the heart must be stopped. Different 
compositions of cardioplegia have been used, each having 
individual advantages and limitations. St. Thomas’ hospital 
cardioplegia solution is a widely used crystalloid cardiople-
gic solution designed for routine clinical use combining 
optimal protection with simplicity of formulation and admin-
istration1. Conventionally this cardioplegia is repeated every 
10-20 minutes to maintain myocardial protection. During 
delivering cardioplegia, surgical field is obscured by blood, 
ischemic time is increased and operation time is also 
increased2. Researchers at the University of Pittsburgh led by 
Dr. Pedro Del Nido developed a novel formulation which can 
maintain prolonged ischemic time (one hour) with a single 
dose3. This cardioplegia solution designed to protect pediatric 
myocardium, may also be beneficial for elderly patients. 

However, elderly patients undergoing cardiac surgery have 
a higher risk of significant cardiac dysfunction leading to 
post-operative complications and reduced survival when 
compared to younger adult patients4. This is because aged 
hearts are particularly vulnerable to ischemia-reperfusion 
injury that occurs during cardiac surgery5. Whereas the 
neonatal heart has been shown experimentally to recover 
better following ischemia-reperfusion with single-dose 
cardioplegia6. The aim of the study was to determine if the 
use of Del Nido cardioplegia could result in superior 
functional recovery in adult hearts compared to our standard 
cardioplegia solution, since there has been a lack of 
evidence in the literature, in basic science and clinical 
research, to support the use of Del Nido cardioplegia on the 
adult population.  
 
Materials and methods 
This prospective interventional study was conducted in the 
Department of Cardiac Surgery, National Heart Foundation 
Hospital and Research Institute from July, 2013 to June, 
2015. Forty prospectively selected patients were allocated 
into two groups with 20 patients in each group. Group A : 
patient who  has got  Del Nido  cardioplegia [l L Hartmann's 
solution, Mannitol 20%: 16.3 ml, Magnesium Sulfate 50%: 

4 ml, Sodium Bicarbonate 8.4%: 13ml, Potassium Chloride 
(2meq/ml): 13 ml, Lidocaine 1%:13 ml)] and Group B : 
patients who has got  St Thomas cardioplegia (NaCl:110.0 
mm0l/l, NaHCO3:10.0 mmol/l, KCl: 16 mmol/l, 
MgCl2:16.0 mmol/l, CaCl2:1.2 mm). All adult patients 
undergoing elective on-pump cardiac surgery were included 
in the study. Patients undergone emergency surgery or 
critically ill patients, having severe left ventricular dysfunc-
tion (LVEF≤30%), liver dysfunction (Serum Bilirubin ≥ 
2mg/dl) or renal dysfunction (Serum Creatinine≥2.0 mg/dl), 
associated acute or chronic pulmonary disease or undergo-
ing re-do surgery were excluded from the study. All the 
baseline characteristics, post-operative findings and 
outcome data were compared between the two groups. The 
use of Del Nido cardioplegia compared to standard             
cardioplegia on functional recovery in adult’s heart surgery 
determined by assessing the cardiomyocyte damage after 
arrest and reperfusion, spontaneous activity during             
cardioplegic arrest, return of rhythm at reperfusion, occur-
rence of arrhythmia on reperfusion, the lactate level and the 
requirement of inotropic support at the time of leaving the 
operating room.

Results
Base line characters of 40 patients are outlined in table1.In 
this study mean age in group-A was 46.70 ±9.63 years and 
in group-B was 40.45±13.25 years, 55% and 75% was male 
in both groups. Most of the patients had aortic valve disease 
in both groups, (p, 0.109). The mean LVEF before operation 
was 61.69 ± 4.4% and 60.70±4.3% in group-A and group-B 
respectively. Preoperative left ventricular hypertrophy in 
ECG was observed in 20% and 15% in group-A and 
group-B respectively. Pre-operative arrhythmia was occur-
ring in 10% patient in group - A and in 15% patients in 
group-B (p, 0.500). The overall difference between the 
groups with respect to risk factors was non-significant. 

Total operative time was significantly less with Del Nido 
cardiplegia, 182±20.96 minutes and 201±10.26 minutes in 
group-A and group-B respectively (p, 0.001). But per opera-
tive spontaneous activity during cardiac arrest was signifi-
cantly more in group-A, it was 65% and in group-B it was 
25% (p, 0.01). Del Nido cardioplegia delayed the return of 
rhythm during after releasing crossclamp, 7.15±1.5 minutes 
in group A and 4.5±1.1minutes in group B (p, 0.0001). Use 
of inotropes during operation was again significantly higher 
in group A (60%) than in group B (15%) (p, 0.003). Postop-
erative ICU stay was significantly longer in group-A 
(32.15±8.4 hours) than in group-B was (21.9±6.5 hours). 
Group A again had longer duration of post-operative hospi-
tal stay 10.95±1.9days and in group-A was 8.3±1.1(p, 
<001).Development of low output syndrome after operation 
in group-A was in 40% patients and in group-B was 5%(p, 
0.009.There was significant increase of cardiac myocite 
damage noticed after use of Del Nido cardioplegia. No 
patient in either group died on postoperatively. There was 

no incidence of adverse events like stroke and renal failure 
in any group in our study.

Table 1: Patient Characteristics

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 2: Analysis of preoperative variables

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 3: Comparison between early postoperative outcomes

Categorical data are presented as n (%) and continuous data as the mean ±SD

Discussion
In an in vitro isolated cardio myocyte study, it was found 
that a reduction in spontaneous activity in aged hearts   
arrested with Del Nido cardioplegia7. This may be related to 
Na+ channel blockade with lidocaine, but DelNido             
cardioplegia also contains slightly more K+ and Mg2+ than 
other standard cardioplegia resulting in more pronounced 

membrane depolarization that may also contribute to more 
effective arrest8. It was found that myocardial function was 
closely related to intracellular Ca2+ concentration. The 
normal Ca2+ flux in the myocardium increases intracellular 
Ca2+ for contraction and decreases it for relaxation. If Ca2+ 
is allowed to accumulate in the myocardium, relaxation may 
be interrupted and diastolic stiffness with poor recovery 
may result9.

In contrast, for the young adult hearts, there was no signifi-
cant difference in the incidence of spontaneous activity 
during cardioplegic arrest between Del Nido and standard 
cardioplegia10,11. This suggests that Del Nido cardioplegia 
may not be more advantageous than standard cardioplegia in 
providing an effective arrest for the young adult heart. A 
possible explanation for this finding is that since young 
adult hearts are more tolerant to ischemia-reperfusion injury 
than aged hearts5. Del Nido cardioplegia delayed the return 
of rhythm in both aged and young adult hearts. The time to 
return of first heartbeat was twice as long with Del Nido 
cardioplegia in the aged hearts study than standard cardio-
plegia.  This corresponds with what cardiac surgeons at the 
iwk children’s hospital anecdotally observed in their clinical 
practice when they switched from standard to Del Nido 
cardioplegia for their pediatric patients7,8.

During ischemia and reperfusion, the late or persistent 
inward Na+ current is increased, which can predispose 
hearts to early after-depolarization-like activity and arrhyth-
mia12,13.  This late Na+ current can be reduced by Na+ 
channel blockers including lidocaine. Reperfusion ventricu-
lar fibrillation and arrhythmias are indicators of reperfusion 
injury as they impose extra metabolic demand on the 
ischemic heart while decreasing the oxygen supply due to 
their deleterious effects on myocardial blood flow, thus 
aggravating post-ischemic reperfusion injury. The low 
incidence of reperfusion ventricular fibrillation is thought to 
be related to hyperkalemia14,15.

In the aged hearts, use of Del Nido cardioplegia resulted in 
less myocardial damage as reflected by lower troponin-I 
release during reperfusion, compared to standard cardiople-
gia. In contrast, in the young adult hearts, there were no 
significant differences in troponin-I release between Del 
Nido and standard cardioplegia, providing evidence to 
further support the first hypothesis that Del Nido cardiople-
gia provides superior myocardial protection to the aged 
heart than standard cardioplegia, and the second hypothesis, 
that Del Nido and standard cardioplegia offer similar levels 
of protection in the young adult heart, with none being better 
than the other. Hemodynamic and functional recovery in 
isolated hearts aged myocardium behaves differently than 
mature myocardium during ischemia and is not as well 
protected by some cardioplegia solutions16,17.

Comparison of two cardioplegia strategies that are currently 
used clinically, therefore Del Nido cardioplegia was    

administered as a single dose and standard cardioplegia was 
delivered in multiple doses. Evidence suggests that in 
adults, multi-dose 4:1 blood cardioplegia offers benefits 
over a single dose18.

The fact that the young adult hearts did not show superior 
functional recovery with use of Del Nido cardioplegia may 
be due to the fact that since adult hearts have been shown to 
be more tolerant to ischemic injury than the aged heart, and 
that intracellular Ca2+ levels are significantly lower in the 
adult heart vs. The aged heart, the degree of Ca2+ overload 
in the adult heart is lessened such that Del Nido cardioplegia 
may not exert the same benefits in the young adult heart as 
it does in the aged heart, or perhaps that standard cardiople-
gia is adequate enough to provide protection to the young 
adult heart19.  

During the earliest phase of reperfusion, development of 
cardiomyocyte hypercontracture has been shown to be the 
primary cause of cardiomyocyte necrosis. It has been 
demonstrated that control of hypercontracture during reper-
fusion reduces the extent of tissue injury. Under conditions 
of energy depletion such as during ischemia-reperfusion 
injury, the cytosol of the cardiomyocyte becomes loaded 
with Na+ and Ca2+20. 

Conclusion
This was a purposive and non-randomized sampling single 
center study. This study showed that Del Nido cardioplegia 
demonstrated in adult heart is associated with more sponta-
neous activity during cardiac arrest, requiring more time for 
spontaneous restoration of cardiac activity, increased rate of 
peri-operative myocardial infarction, more low output 
syndrome and Post-operative hospital stays than St-Thomas 
cardioplegia solution.

References

1. Hiramatsu T, Zund G, Schermerhorn ML, Shinoka T, Minura T, 
Mayer JE Jr. Age differences in effects of hypothermic ischemia on 
endothelial and ventricular function. Ann Thorac Surg 
1995;60:S501-4.

2. Sawa Y, Matsuda H, Shimazaki Y, et al. Comparison of single dose 
versus multiple dose crystalloid cardioplegia in neonate. J Thorac 
Cardiovasc Surg 1989;97:229-34.

3. Gay WA Jr. Potassium-induced cardioplegia. Ann Thorac Surg; 
20(1):95-100.

4. Hirose H, Amano A, Yoshida S, Takahashi A, Nagano N, Kohmoto 
T. Coronary artery bypass grafting in the elderly. Chest 
2000;117(5):1262-70.

5. McCully JD, Toyoda Y, Wakiyama H, Rousou AJ, Parker RA, 
Levitsky S. Age- and gender related differences in ischemia/reperfu-
sion injury and cardio protection: effects of diazoxide. Ann Thorac 
Surg 2006;82(1):117-23.

6. KohmanLJ, VeitLJ. Single-dose versus multidose cardioplegia in 
neonatal hearts. J Thorac Cardiovasc Surg 1994;107:1512-18.

7. O’Blenes SB, Friesen CH, Ali A, Howlett S. Protecting the aged 
heart during cardiac surgery: the potential benefits of Del Nido 
cardioplegia. J Thorac Cardiovasc Surg 2011;141(3):762-70.

8. O'Brien JD, Howlett SE, Burton HJ, O'Blenes SB, Litz DS, Friesen 
CL. Pediatriccardioplegia strategy results in enhanced calcium 
metabolism and lower serum troponin T. Ann Thorac Surg 
2009;87(5):1517-23.

9. Tsukube T, McCully JD, Metz KR, Cook CU, Levitsky S. Ameliora-
tion of ischemiccalcium overload correlates with high-energy 
phosphates in senescent myocardium. Am J Physiol 1997;273(1 Pt 
2):H418-H425.

10. Parrish MD, Payne A, Fixler DE. Global myocardial ischemia in the 
newborn, juvenile, and adult isolated isovolumic rabbit heart. 
Age-related differences in systolic function, diastolic stiffness, 
coronary resistance, myocardial oxygen consumption, and extra 
cellular pH. Circ Res 1987;61(5):609-15.

11. Ladilov Y, Efe O, Schafer C, Rother B, Kasseckert S, Abdallah Y, et 
al. Reoxygenation inducedrigor-type contracture. J Mol Cell Cardiol 
2003;35(12):1481-90.

12. Baker JE, Boerboom LE, Olinger GN. Age-related changes in the 
ability of hypothermia and cardioplegia to protect ischemic rabbit 
myocardium. J Thorac Cardiovasc Surg 1988;96:717-24.

13. Bolling K, Kronon M, Allen BS, Ramon S, Wang T, Hartz RS, et al. 
Myocardialprotection in normal and hypoxically stressed neonatal 
hearts: the superiority of hypocalcemic versus normocalcemic blood 
cardioplegia. J Thorac Cardiovasc Surg 1997;114:994-1005.

14. Faulk EA, McCully JD, Hadlow NC, Tsukube T, KrukenkampIB, 
Federman M, et al. Magnesium cardioplegia enhances mRNA levels 

and the maximal velocity of cytochromeoxidase I in the senescent 
myocardium during global ischemia. Circulation 1995; 92(9 
Suppl):II405-II412.

15. Willems L, Zatta A, Holmgren K, Ashton KJ, Headrick JP. Age-re-
lated changes inischemic tolerance in male and female mouse hearts. 
J Mol Cell Cardiol 2005;38(2):245-56.

16. Tsukube T, McCully JD, Federman M, KrukenkampIB, Levitsky S. 
Developmentaldifferences in cytosolic calcium accumulation 
associated with surgically induced globalischemia: optimization of 
cardioplegic protection and mechanism of action. J Thorac Cardio-
vasc Surg 1996;112(1):175-84.

17. Piper HM, Meuter K, Schafer C. Cellular mechanisms of 
ischemia-reperfusion injury. Ann Thorac Surg 2003;75(2): 
S644-S648.

18. Buckberg GD, Brazier JR, Nelson RL, Goldstein SM, McConnell 
DH, Cooper N. Studiesof the effects of hypothermia on regional 
myocardial blood flow and metabolism duringcardiopulmonary 
bypass. I. The adequately perfused beating, fibrillating, and arrested 
heart. J Thorac Cardiovasc Surg 1977;73(1):87-94.

19. Ataka K, Chen D, Levitsky S, Jimenez E, Feinberg H. Effect of 
aging on intracellularCa2+, pH, and contractility during ischemia 
and reperfusion. Circulation 1992; 86(5Suppl): II371-II376.

20. Wittnich C, Peniston C, Ianuzzo D, Abel JG, Salerno TA. Relative 
vulnerability of neonatal and adult hearts to ischemic injury. 
Circulation 1987;76:V156-60.

Chowdhury DIR et al.Comparison of Early Outcomes Between Del Nido Cardioplegia and St. Thomas 

Variables  Groups  p-value  

Group A  
(n= 20) 

Group B  
(n= 20) 

 

Age(years) (Mean ± SD) 46.70 ± 9.63 40.45±13.25  

Gender 
    
Male 11(55) 15(75) 0.096 
Female

 
9(45)

 
5(25)

 
0.442 

Body Surface Area
 

1.53±0.19
 

1.60±0.14
  

Smoker 4(20)
 

5(25)
 

0.275 

Diabetic 2(10) 15(75) 0.204
 

Hypertensive  0 4(20) 0.053
 

History of CVD 2(10) 2(10) 0.395
 

LVEF 61.69±4.4 60.70±4.3 0.493

 

Left ventricular hypertrophy in ECG 4(20)
 

3(15)
 

0.500

 

Preoperative arrhythmia 2(10) 3(15) 0.500
 

Preoperative diagnosis   
 

Mitral Valve disease 7 (35%) 5 (25%) 
 

Aortic Valve disease 13(65%) 9(45%) 
 

Combined procedure 0(0) 6(30%) 
 

Variables  Groups  P-value  

Group A  
(n= 20) 

Group B  
(n=20) 

Total Operation Time, Min 182±20.96 201±10.26 0.001 
Ishchemic time, Min 67.9±16.62 62.7±13.0 0.335 

Spontaneous activity during  
cardiac arrest 

13(65) 5(25) 0.01 

Time to return of Heart Beat at 
Reperfusion, Min 

7.15±1.5 4.5±1.1 0.0001 

Spontaneous restoration of  
cardiac surgery, min 

11(55) 17(88) 0.03 

Use of Ionotropes 12(60) 3(15) 0.003 

Variables  Groups  P-value  

Group A  
(n=20) 

Group B  
(n=20) 

Troponin I 5.6±1.1 0.70±0.19 <0.001 

CK-MB 356 ±159 102±103 <0.001 

Duration of ICU stay (Hours) 32.15±8.4 21.9± 6.5 <0.001 

Post-operative hospital stay (Days) 10.95±1.9 8.3±1.1 <0.001 

Low output syndrome 8(40) 1(5.0) 0.009 

Mortality 0 0  
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Introduction
Cardioplegia is a solution containing a mixture of a number 
of ingredients most importantly Potassium which abolish the 
electromechanical activity of the myocardium in order to 
reduce the metabolic demands of the heart and ensure 
myocardial protection for patients of all ages requiring       
cardiac surgery in which the heart must be stopped. Different 
compositions of cardioplegia have been used, each having 
individual advantages and limitations. St. Thomas’ hospital 
cardioplegia solution is a widely used crystalloid cardiople-
gic solution designed for routine clinical use combining 
optimal protection with simplicity of formulation and admin-
istration1. Conventionally this cardioplegia is repeated every 
10-20 minutes to maintain myocardial protection. During 
delivering cardioplegia, surgical field is obscured by blood, 
ischemic time is increased and operation time is also 
increased2. Researchers at the University of Pittsburgh led by 
Dr. Pedro Del Nido developed a novel formulation which can 
maintain prolonged ischemic time (one hour) with a single 
dose3. This cardioplegia solution designed to protect pediatric 
myocardium, may also be beneficial for elderly patients. 

However, elderly patients undergoing cardiac surgery have 
a higher risk of significant cardiac dysfunction leading to 
post-operative complications and reduced survival when 
compared to younger adult patients4. This is because aged 
hearts are particularly vulnerable to ischemia-reperfusion 
injury that occurs during cardiac surgery5. Whereas the 
neonatal heart has been shown experimentally to recover 
better following ischemia-reperfusion with single-dose 
cardioplegia6. The aim of the study was to determine if the 
use of Del Nido cardioplegia could result in superior 
functional recovery in adult hearts compared to our standard 
cardioplegia solution, since there has been a lack of 
evidence in the literature, in basic science and clinical 
research, to support the use of Del Nido cardioplegia on the 
adult population.  
 
Materials and methods 
This prospective interventional study was conducted in the 
Department of Cardiac Surgery, National Heart Foundation 
Hospital and Research Institute from July, 2013 to June, 
2015. Forty prospectively selected patients were allocated 
into two groups with 20 patients in each group. Group A : 
patient who  has got  Del Nido  cardioplegia [l L Hartmann's 
solution, Mannitol 20%: 16.3 ml, Magnesium Sulfate 50%: 

4 ml, Sodium Bicarbonate 8.4%: 13ml, Potassium Chloride 
(2meq/ml): 13 ml, Lidocaine 1%:13 ml)] and Group B : 
patients who has got  St Thomas cardioplegia (NaCl:110.0 
mm0l/l, NaHCO3:10.0 mmol/l, KCl: 16 mmol/l, 
MgCl2:16.0 mmol/l, CaCl2:1.2 mm). All adult patients 
undergoing elective on-pump cardiac surgery were included 
in the study. Patients undergone emergency surgery or 
critically ill patients, having severe left ventricular dysfunc-
tion (LVEF≤30%), liver dysfunction (Serum Bilirubin ≥ 
2mg/dl) or renal dysfunction (Serum Creatinine≥2.0 mg/dl), 
associated acute or chronic pulmonary disease or undergo-
ing re-do surgery were excluded from the study. All the 
baseline characteristics, post-operative findings and 
outcome data were compared between the two groups. The 
use of Del Nido cardioplegia compared to standard             
cardioplegia on functional recovery in adult’s heart surgery 
determined by assessing the cardiomyocyte damage after 
arrest and reperfusion, spontaneous activity during             
cardioplegic arrest, return of rhythm at reperfusion, occur-
rence of arrhythmia on reperfusion, the lactate level and the 
requirement of inotropic support at the time of leaving the 
operating room.

Results
Base line characters of 40 patients are outlined in table1.In 
this study mean age in group-A was 46.70 ±9.63 years and 
in group-B was 40.45±13.25 years, 55% and 75% was male 
in both groups. Most of the patients had aortic valve disease 
in both groups, (p, 0.109). The mean LVEF before operation 
was 61.69 ± 4.4% and 60.70±4.3% in group-A and group-B 
respectively. Preoperative left ventricular hypertrophy in 
ECG was observed in 20% and 15% in group-A and 
group-B respectively. Pre-operative arrhythmia was occur-
ring in 10% patient in group - A and in 15% patients in 
group-B (p, 0.500). The overall difference between the 
groups with respect to risk factors was non-significant. 

Total operative time was significantly less with Del Nido 
cardiplegia, 182±20.96 minutes and 201±10.26 minutes in 
group-A and group-B respectively (p, 0.001). But per opera-
tive spontaneous activity during cardiac arrest was signifi-
cantly more in group-A, it was 65% and in group-B it was 
25% (p, 0.01). Del Nido cardioplegia delayed the return of 
rhythm during after releasing crossclamp, 7.15±1.5 minutes 
in group A and 4.5±1.1minutes in group B (p, 0.0001). Use 
of inotropes during operation was again significantly higher 
in group A (60%) than in group B (15%) (p, 0.003). Postop-
erative ICU stay was significantly longer in group-A 
(32.15±8.4 hours) than in group-B was (21.9±6.5 hours). 
Group A again had longer duration of post-operative hospi-
tal stay 10.95±1.9days and in group-A was 8.3±1.1(p, 
<001).Development of low output syndrome after operation 
in group-A was in 40% patients and in group-B was 5%(p, 
0.009.There was significant increase of cardiac myocite 
damage noticed after use of Del Nido cardioplegia. No 
patient in either group died on postoperatively. There was 

no incidence of adverse events like stroke and renal failure 
in any group in our study.

Table 1: Patient Characteristics

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 2: Analysis of preoperative variables

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 3: Comparison between early postoperative outcomes

Categorical data are presented as n (%) and continuous data as the mean ±SD

Discussion
In an in vitro isolated cardio myocyte study, it was found 
that a reduction in spontaneous activity in aged hearts   
arrested with Del Nido cardioplegia7. This may be related to 
Na+ channel blockade with lidocaine, but DelNido             
cardioplegia also contains slightly more K+ and Mg2+ than 
other standard cardioplegia resulting in more pronounced 

membrane depolarization that may also contribute to more 
effective arrest8. It was found that myocardial function was 
closely related to intracellular Ca2+ concentration. The 
normal Ca2+ flux in the myocardium increases intracellular 
Ca2+ for contraction and decreases it for relaxation. If Ca2+ 
is allowed to accumulate in the myocardium, relaxation may 
be interrupted and diastolic stiffness with poor recovery 
may result9.

In contrast, for the young adult hearts, there was no signifi-
cant difference in the incidence of spontaneous activity 
during cardioplegic arrest between Del Nido and standard 
cardioplegia10,11. This suggests that Del Nido cardioplegia 
may not be more advantageous than standard cardioplegia in 
providing an effective arrest for the young adult heart. A 
possible explanation for this finding is that since young 
adult hearts are more tolerant to ischemia-reperfusion injury 
than aged hearts5. Del Nido cardioplegia delayed the return 
of rhythm in both aged and young adult hearts. The time to 
return of first heartbeat was twice as long with Del Nido 
cardioplegia in the aged hearts study than standard cardio-
plegia.  This corresponds with what cardiac surgeons at the 
iwk children’s hospital anecdotally observed in their clinical 
practice when they switched from standard to Del Nido 
cardioplegia for their pediatric patients7,8.

During ischemia and reperfusion, the late or persistent 
inward Na+ current is increased, which can predispose 
hearts to early after-depolarization-like activity and arrhyth-
mia12,13.  This late Na+ current can be reduced by Na+ 
channel blockers including lidocaine. Reperfusion ventricu-
lar fibrillation and arrhythmias are indicators of reperfusion 
injury as they impose extra metabolic demand on the 
ischemic heart while decreasing the oxygen supply due to 
their deleterious effects on myocardial blood flow, thus 
aggravating post-ischemic reperfusion injury. The low 
incidence of reperfusion ventricular fibrillation is thought to 
be related to hyperkalemia14,15.

In the aged hearts, use of Del Nido cardioplegia resulted in 
less myocardial damage as reflected by lower troponin-I 
release during reperfusion, compared to standard cardiople-
gia. In contrast, in the young adult hearts, there were no 
significant differences in troponin-I release between Del 
Nido and standard cardioplegia, providing evidence to 
further support the first hypothesis that Del Nido cardiople-
gia provides superior myocardial protection to the aged 
heart than standard cardioplegia, and the second hypothesis, 
that Del Nido and standard cardioplegia offer similar levels 
of protection in the young adult heart, with none being better 
than the other. Hemodynamic and functional recovery in 
isolated hearts aged myocardium behaves differently than 
mature myocardium during ischemia and is not as well 
protected by some cardioplegia solutions16,17.

Comparison of two cardioplegia strategies that are currently 
used clinically, therefore Del Nido cardioplegia was    

administered as a single dose and standard cardioplegia was 
delivered in multiple doses. Evidence suggests that in 
adults, multi-dose 4:1 blood cardioplegia offers benefits 
over a single dose18.

The fact that the young adult hearts did not show superior 
functional recovery with use of Del Nido cardioplegia may 
be due to the fact that since adult hearts have been shown to 
be more tolerant to ischemic injury than the aged heart, and 
that intracellular Ca2+ levels are significantly lower in the 
adult heart vs. The aged heart, the degree of Ca2+ overload 
in the adult heart is lessened such that Del Nido cardioplegia 
may not exert the same benefits in the young adult heart as 
it does in the aged heart, or perhaps that standard cardiople-
gia is adequate enough to provide protection to the young 
adult heart19.  

During the earliest phase of reperfusion, development of 
cardiomyocyte hypercontracture has been shown to be the 
primary cause of cardiomyocyte necrosis. It has been 
demonstrated that control of hypercontracture during reper-
fusion reduces the extent of tissue injury. Under conditions 
of energy depletion such as during ischemia-reperfusion 
injury, the cytosol of the cardiomyocyte becomes loaded 
with Na+ and Ca2+20. 

Conclusion
This was a purposive and non-randomized sampling single 
center study. This study showed that Del Nido cardioplegia 
demonstrated in adult heart is associated with more sponta-
neous activity during cardiac arrest, requiring more time for 
spontaneous restoration of cardiac activity, increased rate of 
peri-operative myocardial infarction, more low output 
syndrome and Post-operative hospital stays than St-Thomas 
cardioplegia solution.
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Introduction
Cardioplegia is a solution containing a mixture of a number 
of ingredients most importantly Potassium which abolish the 
electromechanical activity of the myocardium in order to 
reduce the metabolic demands of the heart and ensure 
myocardial protection for patients of all ages requiring       
cardiac surgery in which the heart must be stopped. Different 
compositions of cardioplegia have been used, each having 
individual advantages and limitations. St. Thomas’ hospital 
cardioplegia solution is a widely used crystalloid cardiople-
gic solution designed for routine clinical use combining 
optimal protection with simplicity of formulation and admin-
istration1. Conventionally this cardioplegia is repeated every 
10-20 minutes to maintain myocardial protection. During 
delivering cardioplegia, surgical field is obscured by blood, 
ischemic time is increased and operation time is also 
increased2. Researchers at the University of Pittsburgh led by 
Dr. Pedro Del Nido developed a novel formulation which can 
maintain prolonged ischemic time (one hour) with a single 
dose3. This cardioplegia solution designed to protect pediatric 
myocardium, may also be beneficial for elderly patients. 

However, elderly patients undergoing cardiac surgery have 
a higher risk of significant cardiac dysfunction leading to 
post-operative complications and reduced survival when 
compared to younger adult patients4. This is because aged 
hearts are particularly vulnerable to ischemia-reperfusion 
injury that occurs during cardiac surgery5. Whereas the 
neonatal heart has been shown experimentally to recover 
better following ischemia-reperfusion with single-dose 
cardioplegia6. The aim of the study was to determine if the 
use of Del Nido cardioplegia could result in superior 
functional recovery in adult hearts compared to our standard 
cardioplegia solution, since there has been a lack of 
evidence in the literature, in basic science and clinical 
research, to support the use of Del Nido cardioplegia on the 
adult population.  
 
Materials and methods 
This prospective interventional study was conducted in the 
Department of Cardiac Surgery, National Heart Foundation 
Hospital and Research Institute from July, 2013 to June, 
2015. Forty prospectively selected patients were allocated 
into two groups with 20 patients in each group. Group A : 
patient who  has got  Del Nido  cardioplegia [l L Hartmann's 
solution, Mannitol 20%: 16.3 ml, Magnesium Sulfate 50%: 

4 ml, Sodium Bicarbonate 8.4%: 13ml, Potassium Chloride 
(2meq/ml): 13 ml, Lidocaine 1%:13 ml)] and Group B : 
patients who has got  St Thomas cardioplegia (NaCl:110.0 
mm0l/l, NaHCO3:10.0 mmol/l, KCl: 16 mmol/l, 
MgCl2:16.0 mmol/l, CaCl2:1.2 mm). All adult patients 
undergoing elective on-pump cardiac surgery were included 
in the study. Patients undergone emergency surgery or 
critically ill patients, having severe left ventricular dysfunc-
tion (LVEF≤30%), liver dysfunction (Serum Bilirubin ≥ 
2mg/dl) or renal dysfunction (Serum Creatinine≥2.0 mg/dl), 
associated acute or chronic pulmonary disease or undergo-
ing re-do surgery were excluded from the study. All the 
baseline characteristics, post-operative findings and 
outcome data were compared between the two groups. The 
use of Del Nido cardioplegia compared to standard             
cardioplegia on functional recovery in adult’s heart surgery 
determined by assessing the cardiomyocyte damage after 
arrest and reperfusion, spontaneous activity during             
cardioplegic arrest, return of rhythm at reperfusion, occur-
rence of arrhythmia on reperfusion, the lactate level and the 
requirement of inotropic support at the time of leaving the 
operating room.

Results
Base line characters of 40 patients are outlined in table1.In 
this study mean age in group-A was 46.70 ±9.63 years and 
in group-B was 40.45±13.25 years, 55% and 75% was male 
in both groups. Most of the patients had aortic valve disease 
in both groups, (p, 0.109). The mean LVEF before operation 
was 61.69 ± 4.4% and 60.70±4.3% in group-A and group-B 
respectively. Preoperative left ventricular hypertrophy in 
ECG was observed in 20% and 15% in group-A and 
group-B respectively. Pre-operative arrhythmia was occur-
ring in 10% patient in group - A and in 15% patients in 
group-B (p, 0.500). The overall difference between the 
groups with respect to risk factors was non-significant. 

Total operative time was significantly less with Del Nido 
cardiplegia, 182±20.96 minutes and 201±10.26 minutes in 
group-A and group-B respectively (p, 0.001). But per opera-
tive spontaneous activity during cardiac arrest was signifi-
cantly more in group-A, it was 65% and in group-B it was 
25% (p, 0.01). Del Nido cardioplegia delayed the return of 
rhythm during after releasing crossclamp, 7.15±1.5 minutes 
in group A and 4.5±1.1minutes in group B (p, 0.0001). Use 
of inotropes during operation was again significantly higher 
in group A (60%) than in group B (15%) (p, 0.003). Postop-
erative ICU stay was significantly longer in group-A 
(32.15±8.4 hours) than in group-B was (21.9±6.5 hours). 
Group A again had longer duration of post-operative hospi-
tal stay 10.95±1.9days and in group-A was 8.3±1.1(p, 
<001).Development of low output syndrome after operation 
in group-A was in 40% patients and in group-B was 5%(p, 
0.009.There was significant increase of cardiac myocite 
damage noticed after use of Del Nido cardioplegia. No 
patient in either group died on postoperatively. There was 

no incidence of adverse events like stroke and renal failure 
in any group in our study.

Table 1: Patient Characteristics

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 2: Analysis of preoperative variables

Categorical data are presented as n (%) and continuous data as the mean ±SD

Table 3: Comparison between early postoperative outcomes

Categorical data are presented as n (%) and continuous data as the mean ±SD

Discussion
In an in vitro isolated cardio myocyte study, it was found 
that a reduction in spontaneous activity in aged hearts   
arrested with Del Nido cardioplegia7. This may be related to 
Na+ channel blockade with lidocaine, but DelNido             
cardioplegia also contains slightly more K+ and Mg2+ than 
other standard cardioplegia resulting in more pronounced 

membrane depolarization that may also contribute to more 
effective arrest8. It was found that myocardial function was 
closely related to intracellular Ca2+ concentration. The 
normal Ca2+ flux in the myocardium increases intracellular 
Ca2+ for contraction and decreases it for relaxation. If Ca2+ 
is allowed to accumulate in the myocardium, relaxation may 
be interrupted and diastolic stiffness with poor recovery 
may result9.

In contrast, for the young adult hearts, there was no signifi-
cant difference in the incidence of spontaneous activity 
during cardioplegic arrest between Del Nido and standard 
cardioplegia10,11. This suggests that Del Nido cardioplegia 
may not be more advantageous than standard cardioplegia in 
providing an effective arrest for the young adult heart. A 
possible explanation for this finding is that since young 
adult hearts are more tolerant to ischemia-reperfusion injury 
than aged hearts5. Del Nido cardioplegia delayed the return 
of rhythm in both aged and young adult hearts. The time to 
return of first heartbeat was twice as long with Del Nido 
cardioplegia in the aged hearts study than standard cardio-
plegia.  This corresponds with what cardiac surgeons at the 
iwk children’s hospital anecdotally observed in their clinical 
practice when they switched from standard to Del Nido 
cardioplegia for their pediatric patients7,8.

During ischemia and reperfusion, the late or persistent 
inward Na+ current is increased, which can predispose 
hearts to early after-depolarization-like activity and arrhyth-
mia12,13.  This late Na+ current can be reduced by Na+ 
channel blockers including lidocaine. Reperfusion ventricu-
lar fibrillation and arrhythmias are indicators of reperfusion 
injury as they impose extra metabolic demand on the 
ischemic heart while decreasing the oxygen supply due to 
their deleterious effects on myocardial blood flow, thus 
aggravating post-ischemic reperfusion injury. The low 
incidence of reperfusion ventricular fibrillation is thought to 
be related to hyperkalemia14,15.

In the aged hearts, use of Del Nido cardioplegia resulted in 
less myocardial damage as reflected by lower troponin-I 
release during reperfusion, compared to standard cardiople-
gia. In contrast, in the young adult hearts, there were no 
significant differences in troponin-I release between Del 
Nido and standard cardioplegia, providing evidence to 
further support the first hypothesis that Del Nido cardiople-
gia provides superior myocardial protection to the aged 
heart than standard cardioplegia, and the second hypothesis, 
that Del Nido and standard cardioplegia offer similar levels 
of protection in the young adult heart, with none being better 
than the other. Hemodynamic and functional recovery in 
isolated hearts aged myocardium behaves differently than 
mature myocardium during ischemia and is not as well 
protected by some cardioplegia solutions16,17.

Comparison of two cardioplegia strategies that are currently 
used clinically, therefore Del Nido cardioplegia was    

administered as a single dose and standard cardioplegia was 
delivered in multiple doses. Evidence suggests that in 
adults, multi-dose 4:1 blood cardioplegia offers benefits 
over a single dose18.

The fact that the young adult hearts did not show superior 
functional recovery with use of Del Nido cardioplegia may 
be due to the fact that since adult hearts have been shown to 
be more tolerant to ischemic injury than the aged heart, and 
that intracellular Ca2+ levels are significantly lower in the 
adult heart vs. The aged heart, the degree of Ca2+ overload 
in the adult heart is lessened such that Del Nido cardioplegia 
may not exert the same benefits in the young adult heart as 
it does in the aged heart, or perhaps that standard cardiople-
gia is adequate enough to provide protection to the young 
adult heart19.  

During the earliest phase of reperfusion, development of 
cardiomyocyte hypercontracture has been shown to be the 
primary cause of cardiomyocyte necrosis. It has been 
demonstrated that control of hypercontracture during reper-
fusion reduces the extent of tissue injury. Under conditions 
of energy depletion such as during ischemia-reperfusion 
injury, the cytosol of the cardiomyocyte becomes loaded 
with Na+ and Ca2+20. 

Conclusion
This was a purposive and non-randomized sampling single 
center study. This study showed that Del Nido cardioplegia 
demonstrated in adult heart is associated with more sponta-
neous activity during cardiac arrest, requiring more time for 
spontaneous restoration of cardiac activity, increased rate of 
peri-operative myocardial infarction, more low output 
syndrome and Post-operative hospital stays than St-Thomas 
cardioplegia solution.
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