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Myocardial Injury 

Evidence, including substantial subendocardial cellular 

necrosis → injury resulted from an inadequate substrate 

supply to the metabolically active myocardium 

Optimizing myocardial protection during cardiac 

surgery → allowing surgery to be performed in:  

  - a relatively immobile, bloodless field, 

  - while preserving postoperative myocardial function  
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Cardio-protection during CPB 

This protection center on → 

  - Use of hypothermia with  

  - Chemically induced electromechanical diastolic 

cardiac arrest 
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Incidence and Significance of Myocardial Dysfunction 

After CPB 

All patients having cardiac surgery will suffer 

some degree of myocardial injury 

Can be subclinical & only by asymptomatic 

elevations in cardiac enzymes (CK-MB) 

CK-MB >10 times the upper limit of normal during 

the initial 48 hours after CABG  

   →  associated with 6-month mortality 

7 



Pathophysiology of Myocardial Injury 

Myocardial stunning → is the myocardial 

dysfunction that follows a brief ischemic event 

Myocardial stunning typically resolves over the 

     48 to 72 hours after the ischemic event  

Is frequently observed after aortic cross- clamping with 

cardioplegic arrest 
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Pathophysiology of Myocardial Injury 

 

Important factors that contribute to stunning: 

 - metabolic consequences of oxygen deprivation 

 - Reperfusion injury 

 - Effects of circulating inflammatory mediators 
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Metabolic consequences of oxygen deprivation  

become apparent within seconds of coronary artery 
occlusion.  

Rapid depletion of high-energy phosphates  →  

  accumulation of lactate & intracellular acidosis in the myocytes 

 → development of contractile dysfunction 

 When ↓myocyte ATP levels→ 

   inability to maintain electrolyte gradients requiring 
active transport (eg, Na+, K+, Ca2+)   

     - cellular edema 

     - intracellular Ca2+ overload 

     - and loss of membrane integrity. 
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Myocardial reperfusion 

With release of the aortic cross-clamp and the 

restoration of blood flow 

Reperfusion → a rapid ↑ in free radical production 

within minutes →  

  → plays a major role initiating myocardial 

stunning 
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Free radicals 

 Near-immediate dysfunction of proteins involved 

in ion transport and Ca-activated excitation-

contraction coupling 

     

Injury to membranes through lipid peroxidation 

Rapid calcium influx during myocardial 

reperfusion →  

   can quickly overload the myocyte with Ca2+ 
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Myocardial reperfusion 

A free radical–independent mechanism for Ca2+ overload 

→ activation of Na+/H+ exchanger during 
reperfusion ( an attempt by cell to correct 
intracellular pH) 

The ↑in intracellular Na+ → further activates the 
Na+/Ca2+ exchanger → ↑ Ca2+ influx 

Activation of the Na+/H+ exchanger → has role in: 

   - ↑ phospholipase activity, 

   - ↑ generation of PG and other eicosanoids, and  

   - activation of platelets and neutrophils 
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Inflamation 

Mediated by neutrophils and an array of 

                     humoral inflammatory components 

Prostaglandins: adverse effects appear to be 

synergistic with increases in intracellular ca 

  ( nonsteroidal antiinflammatory agents can 

significantly diminish myocardial stunning) 
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Acute alterations in β-adrenergic signal transduction 

 Acute desensitization and downregulation of 

myocardial β-adrenergic receptors during 

CPB has been demonstrated after cardiac surgery 

 

 ↑ incidence of post-CPB LCOS and reduced 

responsiveness to inotropic agents  
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Myocardial Protection  

During Cardiac Surgery  
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Cardioplegia 
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Myocardial protection 

The most prevalent method of myocardial 
preservation  → Aortic cross-clamping with 
cardioplegic arrest  

Although cardiac surgery on the empty beating 
heart or under conditions of hypothermic 
fibrillation (both with the support of CPB) is 
sometimes performed 

Use of warm cardioplegia (delivering metabolic 
substrates) is also commonplace 
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Composition of Cardioplegia Solutions 

Cardioplegia solutions can be classified into : 

           - blood-containing and  

           - nonblood-containing (ie, crystalloid). 

Crystalloid cardioplegia has fallen out of favor. 

Blood cardioplegia is the most used solution  

  (in various combinations of temperatures and 

routes of delivery) 
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Strategies for the Reduction of Ischemic 

Injury With Cardioplegia 
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Blood cardioplegia 

 Delivering O2 to ischemic myocardium  

     ( to sustain basal metabolism or even 

        augment high-energy phosphate stores) 

 possessing free radical scavenging properties 

 Improve of outcomes  in critically ill patients 

(energy-depleted hearts) 

    (eg, cardiogenic shock, AMI before CPB) 
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The composition of blood cardioplegia is based on 

reperfusate parameters 

( because is similar to myocardial reperfusion) 

These parameters include : 

maintenance of Ca2+ at 1 mEq/L (by chelating Ca2+ from perfusate blood) 
(to diminish myocyte Ca2+ uptake) 

  PH between 7.6 and 7.8  

Osmolality between 340 and 360 mOsm  

    (to ↓ edema-related myocardial dysfunction after reperfusion) 

  Hyperkalemia between 10 - 25 mEq/L to  

      safely sustain electromechanical arrest 

 To create blood cardioplegia with these characteristics 

   → Blood is mixed in a ratio of 4 : 1 with a prepared  

          crystalloid solution 
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Cardioplegia Temperature 

Myocardial temperature during cardioplegia is 

almost reduced to between 10-12°C or less 

  ( by the infusion of refrigerated cardioplegia 

and external topical cooling with ice slush) 

 Hypothermic cardioplegia is the most 

commonly used temperature 

 numerous investigations have examined tepid (27–30°C) 

and warm (37–38°C) temperature  
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Disadvantages of hypothermic cardioplegia 

Increased risk of myocardial edema (through ion 

pump activity inhibition)  

Production of the metabolic inhibition in the 

myocardium 

↑ in plasma viscosity  

↓ in red blood cell deformability 

leftward shift in the O2-Hb dissociation curve 

   → inhibiting the release of oxygen into tissues 
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Warm cardioplegia 

 Metabolic activity is maintained 

 Ion exchanges through cellular membranes are 
maintained 

 ↓ Intracellular acidosis with hypothermia 

 Oxygen delivery is optimized by maintaining a near-normal 

Hb-O2 dissociation curve 

Avoid of hypothermia-induced changes in blood viscosity  

RBC deformability and resulting flow through the 

myocardial microvasculature are maintained 
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Tepid (27–30°C) cardioplegia 

Ikonomidis and Hayashida associates ( 2 study): 

Tepid → provided better overall protection 

with superior functional recovery 

 

Early postoperative LV function was optimized 

in the tepid cardioplegia group 
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Cardioplegia Delivery Routes: 

Retrograde 

If using tepid or warm cardioplegia administration 

  → continuous administration needs to be ensured 

Retrograde cardioplegia → allows for almost 
continuous cardioplegia administration  

Cardioplegia catheter is introduced into the 
coronary sinus  

The acceptable perfusion pressure (to limit 

perivascular edema and hemorrhage) needs to be 
limited to < 40 mm Hg 

29 



30 



Limitations of retrograde cardioplegia 

RV & septum frequently receive inadequate delivery of cardioplegia 
(Only 70% of the coronary venous blood drains into the sinus) 

 

Difficulties can also occur if → 

   - the coronary sinus catheter is placed beyond  

           the great cardiac vein 

   - anatomic variants occur that  communicate with systemic veins, such as a  

           persistent left superior vena cava (LSVC) 

Because retrograde cardioplegia is inefficient in producing arrest of 
the beating heart →  

  induction of arrest with this technique must be achieved by a single 
antegrade infusion of cardioplegia before its institution. 
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Custodiol Cardioplegia:  
A Single-Dose Hyperpolarizing Solution 
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Custodiol Cardioplegia: 

HTK → histidine-tryptophane-ketoglutarate 

 

Using HTK solution → no replegia up to 3 hours 

of cardiac arrest is necessary 
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Custodiol ( HTK solution) 
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Ischemic Preconditioning (IPC)  

Is endogenous myocardial protection triggered by 

    exposure to brief periods of (5–15 min) ischemia 

A natural defense mechanism that permits the heart to better 
tolerate myocardial ischemia 

Brief ischemic episodes → build up a temporary resistance to  

   adverse effects of subsequent, more prolonged ischemia 

Several proposed mechanisms: 

   - activation of several myocardial G protein–coupled 

      receptors ( most notably A1 adenosine and α1- adrenergic receptors 

   - Protein kinase C appears to be a key cellular mediator of 
IPC (through activation of ATP-sensitive potassium channels) 
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IPC 

Sevoflurane, and other frequently used volatile anesthetics 

   → have been demonstrated to pharmacologically replicate IPC 

Administration of adenosine, before bypass or in 

cardioplegic solutions  → 

    ↓ postoperative myocardial injury 

    ↓ inotropic requirements 

     improved myocardial recovery 
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