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Abstract 

Background: Cardiac protection strategies in different methods are challenging and crucial, affecting postoperative morbidity and mortality. 
Objectives: We compared the cardio-protective effect of two cardioplegia solutions based on coronary sinus lactate levels. 
Methods: This randomized, double-blinded clinical trial study was performed on 46 candidates for mitral valve replacement between June 
2020 and January 2021. The patients were categorized via block randomization method: 1) St. Thomas I cardioplegia (n=23) and St. Thomas Ⅱ 
cardioplegia (n=23). The coronary sinus lactate levels at different times were measured. In addition, some intra-operative and clinical 
characteristics after cardiac surgery were recorded. Data were analyzed in SPSS software (version 26.0) using paired and independent t-tests, 
repeated measure ANOVA, and Pearson correlation test at a significance level of P < 0.05. 
Results: In the time trend, the lactate levels in patients with St. Thomas Ⅱ cardioplegia solution had a significantly lower rate than in St. 
Thomas I (P=0.001). The two groups displayed no statistical difference between the aortic cross-clamp time (P=0.069) and the CPB time 
(P=0.091). Furthermore, the weaning from mechanical ventilation (P=0.078) and ICU stay (P=0.061) demonstrated no statistical difference 
between the study groups. 
Conclusion: Based on significantly lower measures of the coronary sinus lactate, the St. Thomas Ⅱ cardioplegia solution showed a better 
cardio-protective effect in patients undergoing mitral valve surgery. 
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1. Background 

Cardio-protection strategies during cardiac 
surgeries are the composition of all measures and 
interventions to prevent and attenuate myocardial 
injury from myocardial ischemia and reperfusion 
(1). Due to the fact that these cardiac surgeries 
should be done safely, the cardiac protection 
induced cardiac arrest by the infusion of 
cardioplegia solution into the myocardium. 
Nevertheless, the infusion of cardioplegia causes a 
cessation of myocardial contractions; ischemia 
occurs in myocardial tissue (2). 

This event increases free radicals and reactive 
oxygen species and enhances inflammatory 
response. Meanwhile, one of the most critical 
consequences of myocardial ischemia is altering the 
axis of cell metabolism and proton (H+) production 
due to anaerobic glycolysis (3-6). On the other 
hand, a shred of evidence has illustrated changes 
within the metabolic status of the myocardium 
throughout the aortic cross-clamp and reperfusion 
process. Also, accumulation of the lactate caused by 
prolonged ischemia correlated with depletion of 
adenosine triphosphate myocardial reserve, leading 
to myocardial contractility alterations (7-8). 

Myocardial protection tends to prevent or 
attenuate cardiac dysfunction as a complication of 
myocardial ischemia/ reperfusion injury (I/R 
Injury). This phenomenon is caused by suboptimal 
myocardial protection during aortic cross-clamping 
(9). Many cardioplegia formulations were evaluated 
to achieve optimal myocardium protection by 
preserving myocardial energy, inhibiting cellular 
destruction during cardiac surgery, minimizing I/R 
injury after restoring blood flow in the coronary 
arteries, and inducing diastolic arrest (3). 
Nevertheless, no reliable evidence illustrates a 
superiority between cardioplegia solutions and 
other methods (10). 

Also, evaluating and maintaining the acid-base 
balance of coronary sinus blood during aortic cross-
clamping would allow a reasonable strategy to 
assess the myocardial protection quality. 

  

2. Objectives 

The present study aimed to evaluate the 
cardioprotective effects of St. Thomas I and St. 
Thomas II cardioplegia solutions in mitral valve 
surgery. 
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3. Methods 

This study is a registered double-blinded, 
randomized clinical trial (IRCT20140519017756N47). 
All patients were enrolled in the study for elective 
mitral valve replacement or repair surgery with 
Cardiopulmonary Bypass (CPB) between June 2020 to 
January 2021. 

The patients included if they were aged 20 - 70 
years, had a preserved left ventricular function (LVEF) 
≥ 40%, and signed the informed consent form. The 
exclusion criteria included all the patients with a 
history of previous cardiac surgery, patients in a Low 
Cardiac Output State (LCOS) before the surgery, 
patients with pulmonary arterial hypertension (PAP≥ 
45 mmHg), and those requiring intra-aortic balloon 
pump (IABP) after cardiac surgery. 

All included in the study were assigned to St. 
Thomas I or St. Thomas II based on block 
randomization with a four-block size. In this way, the 
patients were allocated to each block as A for St. 
Thomas I group and B for the St. Thomas II group until 
each group included 23 participants. Then, a nurse not 
informed about the study groups determined the 
related cardioplegia solution group for each patient. 
Also, the participants were unaware of the study group 
and the randomization (Figure 1).  

The CPB system and strategy for patients in the St. 
Thomas I and the St. Thomas II groups were standard 

and uniform. The oxygenator in all of them was Fusion 
®. 

The prime solution was considered crystalloid 
(isotonic saline) for all the patients. The patients' 
temperature was reduced to normothermia or mild 
hypothermia (30-33 °C) based on the surgical 
procedure and the bypass length. 

Cardiopulmonary bypass (CPB) was initiated after 
the cardiac surgeon, anesthesiologist, and perfusionists 
confirmed favorable conditions. All patients underwent 
median sternotomy. Cannulation was performed after 
administration of three mg/kg heparin and when the 
activated coagulation time (ACT) was greater than 480 
seconds. 

Non-pulsatile perfusion was used to maintain tissue 
perfusion between 2 and 2.8 L/m2/min. The alpha-stat 
strategy was administrated during CPB to evaluate 
arterial blood gasses to maintain PaCO2 and PaO2 at 
35-45mmHg and 150-250 mmHg, respectively. 

In the patients of the first group, 10 ml/ kg ST I 
cardioplegia solution was injected at pH 5.5 at 8°C for 3 
minutes by the antegrade method. Also, in group two 
patients, ten cc/ kg St. Thomas I cardioplegia solution 
with normal concentration was infused in the aortic 
root as a standard method and same temperature and 
time as group 1. The compositions of the St. Thomas I 
and the St. Thomas II cardioplegia solutions have been 
illustrated in Table 1. Blood samples were taken from 
the coronary sinus at predetermined times. 

 

 
Figure 1. CONSORT diagram presenting the flow of participants in each stage of the randomized trial 
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Table 1. The composition of St. Thomas I and the St. Thomas II cardioplegia solutions 

Cardioplegia solution content 
St. Thomas I 

(Content in 1000 ml) 
St. Thomas II 

(Content in 1000 ml) 
sodium chloride (Mmol/ l) 144 110 
Potassium chloride (Meq/l) 20 16 
Magnesium sulfate (Mg/dl) 16 16 
Calcium chloride (Mmol/ l) 2.4 1.2 
Lidocaine (Mg) 100 - 
Sodium bicarbonate (mmol/ l) - 10 

 
The primary outcome was the Lactate levels that 
were measured immediately after weaning from the 
cardiopulmonary bypass (T0), 15 minutes after CPB 
(T1), and 30 minutes after that time (T2). Also, the 
bypass and cross-clamp time, weaning time from 
mechanical ventilation, and ICU stay was recorded 
as the secondary outcome. 
All patients signed the informed consent form 
approved by the Institutional Committee on Human 
Research after the approval of the Board of Ethics 
of Mashhad University of Medical Sciences 
(IR.MUMS.MEDICAL.REC.1400.008). The protocol of 
the study was consistent with the guidelines in the 
Declaration of Helsinki. 
Statistical analysis was performed using SPSS 
version 26.0 (Chicago, IL, USA), paired and 
independent t-test, repeated measure ANOVA, and 
Pearson correlation test at a significance level of P < 
0.05. 

4.Result  

The main finding of the presetn study demonstrated 
no statistical differences between the coronary sinus 
lactate levels immediately after aortic cross-clamp in St. 
Thomas I and the St. Thomas II cardioplegia solutions 
groups. Nevertheless, after 15 min, the mean value of 
the coronary sinus lactate in the St. Thomas-I 
cardioplegia group was significantly higher than the St. 
Thomas II group. These values dramatically differed in 
the last sample, 30 min after the aortic cross-clamp 
(Table 2). The statistical models with repetitive 
measurements were used to examine the effect of 
different times in coronary sinus lactate values in the 
St. Thomas-I and St. Thomas-II cardioplegia groups. 
This analysis displayed no significant differences 
between the mean lactate levels of the two groups at 
different times (Lact T0 (P=0.091), Lact T1 (P=0.065), 
and Lact T2 (P=0.041). (Figure 2). 

 
Table 2. The comparison between coronary sinus lactate levels in St. Thomas-I and St. Thomas II groups. (Lact (T0): Coronary sinus 
lactate level immediately after aortic cross-clamp, Lact (T1): Coronary sinus lactate level 15 minutes after aortic cross-clamp, and 

Lact (T2): Coronary sinus lactate level 30 minutes after aortic cross-clamp). (*= significant) 
Lactate (Time) Groups Mean± Std. Deviation P-value 

Lact (T0) 
St. Thomas II group 3.2304± 0.57083 

0.691 
St. Thomas-I group 3.8739± 0.56183 

Lact (T1) 
St. Thomas II group 2.2609± 0.51939 

0.0374* 
St. Thomas-I group 2.5783± 0.58072 

Lact (T2) 
St. Thomas II group 1.6261± 0.31940 

0.001* 
St. Thomas-I group 2.0130± 0.46934 

 

 
Figure 2. The coronary sinus lactate levels at different times of measurement. (Time 0= Coronary sinus lactate level immediately 
after aortic cross-clamp, Time 15= Coronary sinus lactate level 15 minutes after aortic cross-clamp, and Time 30= Coronary sinus 

lactate level 30 minutes after aortic cross-clamp). 
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The comparison of the aortic cross-clamp time 
between St. Thomas I and the St. Thomas II 
cardioplegia solutions groups (24.52±1.33 versus 
27.48±9.21, respectively, P=0.069) and CPB time 
(36.48±3.24 versus 34.5±9.32, respectively; 
P=0.091) revealed no statistical differences. There 
were no statistical differences between the mean 
time of the mechanical ventilation in St. Thomas-I 
versus St. Thomas-II cardioplegia groups 
(515.15+23.40 min versus 502.1+20.15 min, 
respectively; P=0.078) and ICU stay (50+7 hours 
versus 56+4 hours, respectively; P=0.061). 
 

5. Discussion 

Cardioplegic solutions protect the heart from 
myocardial injury during mitral valve surgery 
(11,12). Initially, the St. Thomas solution was 
invented as crystalloid cardioplegia, which 
provided reliable cardiac arrest and desirable levels 
of myocardial protection. However, the amount of 
cardioplegia used caused much hemodilution and 
many challenges in managing complications (13). 

As the investigation in myocardial protection 
techniques has progressed, the additives vary in 
temperature and content of different cardiac 
solutions. Despite these developments, no 
technique fully protects myocardial function (14). 
Refinement and formulations of cardioplegia were 
followed, and more complex strategies for 
prescribing cardioplegia were described so that, 
based on further research and experiences, several 
formulations of this solution became common in 
different centers (15). 

Myocardial recovery depends on myocardial 
protection; therefore, it is imperative to monitor its 
effectiveness (9). Also, there are shreds of evidence 
that the most sensitive marker of myocardial 
ischemia is lactate measured directly in the 
coronary sinus blood since it can precisely reveal 
alteration within the myocardial metabolic status 
(16). 

The changes in lactate levels caused by 
inadequate myocardial protection showed the 
progression of anaerobic metabolism, myocardial 
tissue acidosis, and lactate production. Although, 
myocardial necrosis, detected with the release of 
specific myocardial enzymes, may occur later 
(17,18). 

In our study, the primary blood sample 
immediately after aortic cross-clamp was not 
different in lactate content in St. Thomas-I and St. 
Thomas-II cardioplegia groups. Nevertheless, this 
measure dramatically differed at 15 minutes and 30 
minutes after aortic cross-clamp in St. Thomas-I 
and St. Thomas-II cardioplegia groups. These 
findings revealed that the cardio-protective effect 
of the St. Thomas-II cardioplegia solution might be 

superior to the St. Thomas-I group. Also, the 
different content in cardioplegic solutions and 
sodium bicarbonate in St. Thomas-II may affect the 
lactate levels after ischemic event initiation induced 
by aortic cross-clamp (19). 

A study states that serum lactate levels were 
significantly elevated in groups of Del-Nido (DN) 
cardioplegic solution and St. Thomas-II cardioplegia 
as Modified St. Thomas solution (MST) (20). As well 
as in a study compared two widely used crystalloid 
Cardioplegic Bret-schneider (Custodiol®) versus St. 
Thomas Ⅱ in patients who underwent Right Mini-
thoracotomy Mitral Valve Surgery. They concluded 
that using St. Thomas Ⅱ cardioplegia solution was 
associated with higher myocardial protection based 
on cardiac markers, such as troponin- I, compared 
to other cardioplegia solutions (21). 

Although, other studies showed different results 
in myocardial protection in patients undergoing 
cardiopulmonary bypass cardiac surgeries (3, 22). 

The aortic cross-clamp time and CPB time 
between the two groups of our study had no 
statistical differences. It is worth mentioning that 
the results of this study may be more precise 
because a single surgeon operated on all of the 
patients for mitral valve replacement. 

The main benefit of this item is that the time of 
ischemia induced by aortic cross-clamp directly 
affects the alteration of ischemia and reperfusion 
myocardial injury parameters (23). 

Our results showed no statistical difference 
between weaning from mechanical ventilation and 
ICU stay in St. Thomas-I and St. Thomas-II 
cardioplegia groups. These findings paralleled with 
other studies (23-24). 

Albeit our findings seem trivial next, some 
studies showed that the patients with St. Thomas-II 
cardioplegia solution had a higher rate or even 
lower times of mechanical ventilation and ICU stay 
(25-26). 

These controversial results may be due to the 
heterogeneity of the patients' groups in terms of 
the time of the ischemia as well as the CPB time. 
Also, it seems that the patients were not placed in 
groups of their studies as a programmed method, 
such as block randomization methods. So, this item 
can affect the final results of their studies. 

 

6. Conclusion 

Regarding the myocardial protection effect of St. 
Thomas-I and St. Thomas-II cardioplegia solution, 
the St. Thomas-II showed the optimal cardio-
protective effect based on lactate in the coronary 
sinus. Moreover, our results recommended that 
lactate level in the coronary sinus is a valid 
measurement and may be considered a good 
prognostic value in myocardial preservation in 
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valvular heart surgical patients. 
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