

Table 1: Properties of HTK, STH and Del Nido cardioplegic solutions. All units are expressed in mmol/L unless otherwise indicated.

	Histidine-tryptophan-ketoglutarate (HTK)
	· Intracellular
· Na+:15, K+:9, Mg2+:4, Ca2+:0.015, Mannitol:30, Histidine:198, Tryptophan:2, Ketoglutarate:1(57)
· Contains histidine (buffer), tryptophan (membrane stabiliser), ketoglutarate (high energy ATP provider), mannitol (osmotic diuretic, free radical scavenger)
· Single cardioplegic dose required so uninterrupted surgery
· Longer time needed to initiate cardiac arrest due to low potassium

	St Thomas’s solution (STH)
	· Extracellular
· Na+:110, K+:16, Mg2+:16, Ca2+:1.2(57), Bicarbonate:10(15)
· Original solution STH1 was refined to form STH2 
· STH2 is the most widely used cardioplegic solution, but most UK cardiac centres use STH1
· [bookmark: _GoBack]STH1 contains procaine hydrochloride, a membrane stabiliser with cardioplegic effects
· Induces rapid cardiac arrest due to high potassium content
· Repeated dosing is needed which interrupts operative procedure

	Del Nido solution
	· Extracellular
· Na+:140, K+:5, Mg2+:3, Cl_:98, lidocaine; 130mg
· Used mainly for paediatric open-heart surgery; scarce evidence and research for safe use in adult cardiac surgery
· Induces cardiac arrest, reduces energy consumption rate, scavenges free radicals, reduces myocardial oedema, promotes anaerobic glycolysis
· Single cardioplegic dose needed so uninterrupted surgery and lower total volume of solution needed




 

























Table 2:  Advantages and Disadvantages of Cold and Warm Cardioplegia.  
 
	Type
	Advantages
	Disadvantages

	Cold
	· Lowers oxygen demand of myocardium
· Oxygen unloading is enhanced due to acidosis and hypercarbia
· Neuroprotective
	· Inhibits myocardial enzymes
· Delays postoperative recovery of metabolism and function
· Membrane rupture
· Denaturalisation of proteins
· Inhibition of Na-K and calcium ATP systems
· Myocardial oedema
· Increased risk of reperfusion injury 
· Causes right shift of oxyhaemoglobin dissociation curve so lower oxygen availability
· Inadequate delivery due to sludging, rouleaux formation and cold agglutinin activation

	Warm
	· Minimises ischaemia and reperfusion injury if given continuously 

	· Increased risk of postoperative neurological complications
· Higher risk of hyperkalaemia
· Increased use of high potassium cardioplegic solution
· Larger volumes of cardioplegic solution needed
· Increased use of crystalloid and alpha-agonists to maintain perfusion pressures
· Poor visualisation
· Greater endothelial injury
· Must be given continuously










 
 
 
 



 
 
 




Table 3: Advantages and Disadvantages of Blood and Crystalloid Cardioplegia.  

 
	Type
	Advantages
	Disadvantages

	Blood
	· Better delivery of oxygen due to haemoglobin
· Better buffering capacity
· Delivers nutrients present naturally in blood so anaerobic substrates not needed
· Free oxygen radical scavengers present
· Improved rheologic effects causing better flow
· Oncotic pressure constituents present which prevents oedema
· Acidotic environment during cardiac arrest may shift oxyhaemoglobin dissociation curve to the right and improve myocardial oxygen uptake
· No cost or need to produce complex pharmacological mixture for cardioplegia
	· Obscures operative field
· Hypothermia may cause left shift of oxyhaemoglobin dissociation curve and reduce oxygen availability
· Production of oxygen free radicals 
· Apparatus to deliver blood cardioplegia is expensive

	Crystalloid
	· Temperature has no effect on oxygen delivery
· Lower costs
· Good visualisation of operating field
	· Contains less oxygen than blood
· Decreases oncotic pressure and increases oedema risk
· Causes more haemodilution



 
 
 
 
 
 
 
 
 
 
 















Table 4:  Advantages and Disadvantages of Antegrade, Retrograde and Combined 
 
	Type
	Advantages
	Disadvantages

	Antegrade
	· Rapid and easy administration
· Rapid cardiac arrest
	· Inhomogeneous distribution in presence of coronary occlusions or stenosis, causing poor perfusion and injury to myocardium
· Can form coronary emboli during redo-CABG
· Can cause coronary ostial injury
· Cannot be used in patients with type A aortic dissection or aortic insufficiency
· Increased risk of ionotropic support and fibrillation

	Retrograde
	· Can be used in presence of coronary occlusions
· No operative interruptions
· Flushes air and debris from coronary arteries. So reduces embolisation risk in redo-CABG
· No ostial injury
	· Slower cardiac arrest
· Coronary sinus injury
· Myocardial oedema
· Large volumes of cardioplegic solution required
· Atriotomy and bicaval cannulation required
· May leak and obscure operative field
· Inadequate perfusion of right ventricle

	Combined
	· Combines advantages of antegrade and retrograde cardioplegia
· Shorter post-ischaemic stunned period so less myocardial damage during CABG
· Can be used for complex operations in high-risk patients
· Reduced need for ionotropic support compared to antegrade alone
· Better cardioplegic distribution in hypertrophied tissue
	· May not be drastically more beneficial where both antegrade and retrograde cardioplegia are compromised



 
 

