Myocardial protection during percutaneous transluminal coronary angioplasty
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Introduction

Myocardial injury during revascularization procedure is an important determinant of clinical outcome. Therefore, protection of the ischemic myocardium during such procedures should be an important goal, both for cardiac surgeons and interventionists. In the setting of percutaneous transluminal coronary angioplasty(PTCA), the rates of peri-procedural myocardial infarction remain high. The protective effect of pharmacological agents with hemodynamic properties in this context appears limited. Much attention has been given recently, however, to agents that can act directly on myocyte metabolism. 

Myocardial carbohydrate metabolism under the ischemic conditions

Myocardial substrate metabolism during ischemia is highly dependent upon the severity of ischemia. Complete elimination of flow quickly results in depletion of high energy phosphates, lactate accumulation, and contractile akinesis, which over time evolves into tissue necrosis and myocardial infarction. On the other hand, a more modest reduction in flow causes a decrease in myocardial oxygen consumption, a transient increased dependence on anaerobic glycolysis, oxidation of FFA at a reduced rate, and modest to more severe contractile dysfunction. Depending on the metabolic demand, these modest reductions in flow do not necessarily lead to irreversible tissue damage. [image: image1.png]Glucose
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Fig. Schematic depiction of myocardial substrate metabolism.

Mild to moderate ischemia

Studies in large animals (dogs and swine) have shown that a ~20-30% reduction in coronary blood flow results in a rapid reduction in mechanical work, a decrease in ATP and creatine phosphate concentrations, and a transient net output of lactate by the myocardium. Over the course of 30-90 min lactate output decreases  and there is a partial restoration of myocardial ATP levels , but contractile work does not return back to normal. Restoration of flow back to normal levels in these mildly ischemic hearts result in a return to normal contractile function. This modest level of ischemia and contractile dysfunction has been termed myocardial ‘hibernation’, and acts to preserve the viability of the myocardium in the face of moderately subnormal myocardial blood flow by resetting the rate of mechanical work to match the rate of oxygen delivery. Studies in swine have shown that contractile work can be abruptly increased in hibernating myocardium by pacing or (-adrenergic receptor stimulation, resulting in a flow-demand mismatch and a switch back to lactate output and a decrease in creatine phosphate levels. The cellular mechanisms responsible for the resetting of mechanical work are not clear. The pronounced decrease in contractile work during short-term myocardial hibernation does not appear to be due to anaerobic glycolysis. When the rate of lactate production is pharmacologically reduced by activating PDH with dichloroacetate (DCA) there is no improvement in mechanical function, suggesting that the reduction in mechanical function is not caused by accelerated non-oxidative glycolysis during the initial hour of ischemia. 
Despite the contractile dysfunction and transient lactate production during moderate ischaemia, the primary oxidative fuel during mild to moderate ischaemia is fatty acids. Studies in pigs with a 60% reduction in flow have shown that exogenous FFA oxidation supplies most of the energy for ATP synthesis during ischaemia even under conditions of severe contractile dysfunction, reduced myocardial oxygen consumption, and net lactate production. Thus non-oxidative glycolysis and net lactate production occurs during moderate ischemia even though the majority of the acetyl CoA is derived from fatty acid [image: image2.png]


-oxidation. 
Severe ischemia

More severe reductions in flow (>70%) result in greater rates of lactate accumulation and glycogen breakdown, severe or complete contractile dysfunction, and if the ischemia is of sufficient duration, myocardial necrosis and infarction. As blood flow and oxygen delivery decrease, so does the rate of contractile work. Glycogen depletion and lactate accumulation increase as a function of the severity of ischemia. Sudden coronary occlusion in dogs results in a rapid transient decrease in glycogen content, which is reduced by [image: image3.png]


-adrenergic receptor blockade, suggesting that sympathetic discharge with the onset of ischemia stimulates glycogen phosphorylase activity via increases in cytosolic cAMP and Ca2+. 

Complete elimination of flow differs from partial reductions in flow in that there is no residual resynthesis of ATP by oxidative phosphorylation, and thus there is total dependence on anaerobic metabolism with endogenous substrates. The sole source of glycolytic substrate under these conditions becomes glycogen, since there is no blood flow to deliver glucose to the tissue. There is no washout of lactate, intracellular pH decreases, and eventually a reduction in the rate of glycolysis occurs due to H+ inhibition of PFK. In addition, the flux through glyceraldehyde 3-phosphate dehydrogenase may also become rate limiting due to a low cytosolic NAD+/NADH ratio. 

Reductions in coronary artery blood flow in vivo results in a nonuniform distribution of blood flow across the left ventricular wall, with a relatively modest decrease in subepicardial blood flow, but more severe reductions in subendocardial blood flow. Thus during ischemia there are lower ATP, creatine phosphate and glycogen levels, and a higher lactate content in the subendocardium than in the subepicardium. Studies with radiolabeled 2-deoxyglucose suggest that subendocardial glucose uptake is not increased during ischemia (~75¯90% decrease in subendocardial flow). The lack of an increase in glucose uptake in severely ischemic myocardium appears to be the result of impaired glucose delivery and decreased interstitial glucose . Glucose uptake is maintained in severe but not complete subendocardial ischemia by a large increase in the arterial-venous glucose difference. Some reports have shown a slight but significant increase in the capacity for glycolysis in the subendocardium relative to the subepicardium. It has been hypothesized that the subendocardium might be inherently better suited to withstand ischemia because of greater glycogen levels and a greater activity of key glycolytic enzymes. However, a critical review of this area demonstrates that there is not a consistent transmural gradient in these parameters. Thus any transmural difference in metabolism appears to be due to differences in blood flow and contractile work, and not to the inherent capacity for glycolysis.
Myocardial damage during revascularization procedures and myocardial cell protection during ischemia
During profound myocardial ischemia the myocardial oxygen stores are rapidly consumed. The first consequence of adenosine triphosphate depletion is diastolic dysfunction, which is followed soon after by systolic dysfunction. Thereafter, ST-T changes appear on the ECG and cheat pain usually occurs. With prolonged ischemia myocardial necrosis develops, resulting in a leakage of myocardial enzymes and proteins(such as troponin) into the circulation. During myocardial revascularization procedures, myocardial damage is often manifested only by an increase in myocardial markers.  In the context of PTCA, myocardial damage can be caused by a number of different pathophysiological mechanisms. As a result of recent improvements, myocardial necrosis is very seldom caused by complete occlusion of the epicardial vessel related to either an occlusive dissection or thrombus at the site of angioplasty. Occlusion of a side branch at the dilated site is more common. Much attention has recently been given to totally different mechanisms of myocardial necrosis, however, such as distal embolization of platelet aggregates and/or cholesterol crystals in the coronary microcirculation. Metabolic medications might prove particularly beneficial in protecting myocardial cells during the period of profound ischemia before the resolution of these distal emboli. 

A number of methods have been used to achieve myocardial cell protection. Glucose-insulin-potassium(GIK) infusion increases adenosine triphosphate production through glycolysis, and it increases the utilization of pyruvate and lactate, and it increases the utilization of pyruvate and lactate, which constitute the end-products of glycolysis. Other treatment, such as L-carnitine, are aimed at stimulating the activity of pyruvate dehydrogenase. Trimetazidine is a derivative of piperazine. It inhibits the activity of one of the enzymes of the beta-oxidation pathway of free fatty acids inside mitochondria, and thereby directly increases glucose oxidation. The target enzyme is the 3-ketoacyl coenzyme A thiolase, which is specific to long-chain fatty acids. Another approach to protecting myocardial cells involves inhibition of the sodium-proton exchanger(which is responsible for the accumulation of calcium within the ischemic cells) with medications such as cariporide: this prevents cytosolic overload in both sodium and calcium, and may therefore prevent or delay cell death. 

conclusion 

There is increasing evidence that metabolic intervention can limit the extent of myocardial damage in patients undergoing myocardial revascularization procedures. Although it cannot be expected that any medication will totally prevent myocardial necrosis in myocardial cells that are permanently deprived of perfusion, converging data indicate that metabolic intervention could at least limit the extent of myocardial injury by ‘buying time’ until the restoration of myocardial perfusion; clinically, this might be reflected by a shift form the most severe forms of myocardial infarction to presumably less severe forms. Several questions remain unanswered, however, such as the optimal dose and mode of administration of myocardial protection medications.
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