Cardiac Markers-----------------------------------------------------------------------



Cardiac markers
Introduction:-

  Ischemia is a feature of heart diseases, transient ischemic attacks, cerebrovascular accidents, ruptured arteriovenous malformations, and peripheral artery occlusive disease. The heart, the kidneys, and the brain are among the organs that are the most sensitive to inadequate blood supply. Ischemia in brain tissue, for example due to stroke or heavy injury, causes a process called the ischemic cascade to be unleashed, in which proteolytic enzymes, reactive oxygen species, and other harmful chemicals damage and

may ultimately kill brain tissue . 

  Restoration of blood flow after a period of ischemia can actually be more damaging than the ischemia. Reintroduction of oxygen causes a greater production of damaging free radicals, resulting in reperfusion injury. With reperfusion injury, necrosis can be greatly accelerated. Low doses of hydrogen sulfide (H2S) have been found to protect against regional myocardial ischemia–reperfusion injury.
[image: image1.emf]
Figure showing Mode/ Mechanism of Action and Targets for detection of ACSs ( Acute Coronary Syndrome)
  Myocardial ischemia has a complex pathophysiology and can manifest with a multitude of clinical presentations, including without symptoms. Patients who present to the emergency department with a complaint of chest pain therefore require substantial diagnostic effort to determine whether their symptoms are related to acute myocardial ischemia. Present diagnostic approaches are typically protocol driven and include serial electrocardiograms and biomarkers obtained over an 8- to 12-h period for the detection of myocardial necrosis. This paradigm is reasonably effective in identifying patients who have acute coronary syndrome, especially when there is associated myocardial necrosis, but it offers only modest sensitivity

and relies heavily on biomarkers that are increased only in the presence of irreversible myocardial injury (i.e., necrosis).

  For this reason, there has been intense research and clinical interest in the development of sensitive biomarkers of myocardial ischemia that are not dependent on the presence of myocardial necrosis . Markers investigated for this purpose include ultrasensitive troponin, ischemia-modified albumin, sCD40L, myeloperoxidase.

Definition of Cardiac markers:-

 Cardiac markers are biomarkers measured to evaluate heart function. They are often discussed in the context of myocardial infarction, but other conditions can lead to an elevation in cardiac marker level.

 Most of the early markers identified were enzymes, and as a result, the term "cardiac enzymes" is sometimes used. However, not all of the markers currently used are enzymes. For example, in formal usage, troponin would not be listed as a cardiac enzyme.

An Ideal Marker for Myocardial Injury Would Be:-
· Found in high concentrations in myocardium

· Released rapidly after the onset of pain

·  Not be found in other tissues even in trace amounts or under pathological conditions

· Have a convenient diagnostic time window

· Reflect as much as possible the evaluation of myocardial damage
Types of Cardiac markers:-
Types include:

I- Cardiac Troponins
II- Cardiac Enzymes They include:-

1- CPK " Creatinine phosphokinase" or "Creatine kinase".

2- Aspartate transaminase "AST" glutamate-oxaloacetate transaminase, GOT).

3- Lactate Dehydrogenase (LDH).
III-Myoglobin (Mb).

IV- Ischemia-Modified Albumin [IMA]
V- Unbound free fatty acids [UFFA]
VI-C-reactive protein

VII-Myloperoxidase
VIII- Natriuretic peptides
IX- Soluble fragment CD40 legends (sCD40L)
X- Glycogen phosphorylase isoenzyme BB
All these markers will be discussed in some details in this chapter

I- Cardiac Troponins

Troponin is a complex of three regulatory proteins that is integral to cardiac and skeletal muscle during contraction but not smooth muscle.
[image: image2.emf]
Figure showing The troponin complex consists of three different proteins (TnC, TnI, and TnT) that regulate the calcium-mediated contractile process of striated muscle.
Troponin C (18 kd):-
• Calcium-binding subunit

• No cardiac specificity

Troponin I (26.5 kd):-
• Actomyosin-ATP-inhibiting subunit

• Cardiac-specific form

Troponin T (39 kd):-
• Anchors troponin complex to theTropomyosin strand

Functions:-
   Troponin is attached to the protein tropomyosin and lies within the groove between actin filaments in muscle tissue. In a relaxed muscle, tropomyosin blocks the attachment site for the myosin cross bridge, thus preventing contraction. When the muscle cell is stimulated to contract by an action potential, calcium channels open in the sarcoplasmic reticulum and release calcium into the sarcoplasm. Some of this calcium attaches to troponin, causing a conformational change that moves tropomyosin out of the way so that the cross bridges can attach to actin and produce muscle contraction.

  Troponin is found in both skeletal muscle and cardiac muscle, but the specific versions of troponin differ between types of muscle. The main difference is that the TnC subunit of troponin in skeletal muscle has four calcium ion binding sites, whereas in cardiac muscle there are only three.

 Both cardiac and skeletal muscles are controlled by changes in the intracellular calcium concentration. When calcium rises, the muscles contract, and when calcium falls the muscles relax.

Troponin is a component of thin filaments (along with actin and tropomyosin), and is the protein to which calcium binds to accomplish this regulation. Troponin has three subunits, TnC, TnI, and TnT. When calcium is bound to specific sites on TnC, tropomyosin rolls out of the way of the actin filament active sites, so that myosin (a molecular motor organized in muscle thick filaments) can attach to the thin filament and produce force and/or movement. In the absence of calcium, tropomyosin interferes with this action of myosin, and therefore muscles remain relaxed.

Troponin I has also been shown to inhibit angiogenesis
Individual subunits serve different functions:

· Troponin C binds to calcium ions to produce a conformational change in TnI 

· Troponin T binds to tropomyosin, interlocking them to form a troponin-tropomyosin complex 

· Troponin I binds to actin in thin myofilaments to hold the troponin-tropomyosin complex in place 

Smooth muscle does not have troponin.

Troponin levels can be used as a test of several different heart disorders, including myocardial infarction.

Clinical Significance of Cardiac Troponin I / (cTnI):-
  Biochemical cardiac markers, including cTnI, are useful for both the diagnosis of myocardial infarction and the risk stratification that can help guide the choice of therapeutic options. For optimal diagnostic usefulness, a cardiac marker should be specific for cardiac tissue, should be rapidly released into the bloodstream with a direct proportional relationship between the extent of myocardial injury and the measured level of the marker, and should persist in blood for a sufficient length of time to provide a convenient diagnostic time window.1 The cardiac-specific troponins, troponin I (cTnI) and troponin T (cTnT) are considered the biochemical markers of choice in the evaluation of acute coronary syndromes (ACS) including ST-elevation myocardial infarction, non-ST-elevation myocardial infarction, and unstable angina. Since cTnI is not generally detected in the blood of healthy persons, any level of cTnI above the upper limit of the reference range defined in a normal healthy population should be considered indicative of myocardial necrosis. Each institution should establish its own reference range for its patient population, and this range should be used to determine an appropriate limit indicative of acute myocardial infarction. Elevated levels of cardiac-specific troponins convey prognostic information beyond that supplied by the patient’s clinical signs and symptoms, the ECG at presentation, and the pre-discharge exercise test. Other conditions like blunt trauma or myocarditis that are not secondary to ischemic coronary artery disease can also lead to myocardial injury and have the potential to cause elevations in the blood concentrations of cTnI. These conditions should be considered when interpreting results, and the cTnI level should be used in conjunction with clinical symptoms, signs, and ECG changes.

Sensitivity and specificity:-

  The most sensitive and specific test for myocardial damage. Because it has increased specificity compared with CK-MB, troponin is a superior marker for myocardial injury.

Approximate peak:-
12 hours

Description:-

  Troponin is released during MI from the cytosolic pool of the myocytes. Its subsequent release is prolonged with degradation of actin and myosin filaments. Differential diagnosis of troponin elevation includes acute infarction, severe pulmonary embolism causing acute right heart overload, heart failure, myocarditis. Troponins can also calculate infarct size but the peak must be measured in the 3rd day. released in 2–4 hours and persists for up to 7 days.

The troponin test can be used as a test of several different heart disorders, including myocardial infarction
Conditions In which serum Troponins are elevated:-

1- Cardiac conditions:-

  Certain subtypes of troponin (cardiac troponin I and T) are very sensitive and specific indicators of damage to the heart muscle (myocardium). They are measured in the blood to differentiate between unstable angina and myocardial infarction (heart attack) in patients with chest pain or acute coronary syndrome. A patient who had suffered from a myocardial infarction would have an area of damaged heart muscle and so would have elevated cardiac troponin levels in the blood  . This can also occur in patients with coronary vasospasm.
  It is important to note that cardiac troponins are a marker of all heart muscle damage, not just myocardial infarction. Other conditions that directly or indirectly lead to heart muscle damage can also increase troponin levels. Severe tachycardia (for example due to supraventricular tachycardia) in an individual with normal coronary arteries can also lead to increased troponins for example, presumably due to increased oxygen demand and inadequate supply to the heart muscle.

  Troponins are also increased in patients with heart failure, where they also predict mortality and ventricular rhythm abnormalities. They can rise in inflammatory conditions such as myocarditis and pericarditis with heart muscle involvement (which is then termed myopericarditis). Troponins can also indicate several forms of cardiomyopathy, such as dilated cardiomyopathy, hypertrophic cardiomyopathy or (left) ventricular hypertrophy, peripartum cardiomyopathy, Takotsubo cardiomyopathy or infiltrative disorders such as cardiac amyloidosis.  Both cTnI and cTnT are highly utilized specific biomarkers for myocardial tissue. Their detection in serum is a strong indicator for myocardial damage and, consequently, both have shown great potential as cardiac biomarkers. While initially selected for their high specificity, elevated cardiac troponins have been shown to have possible links with secondary conditions such as chronic renal failure, acute myocarditis, cardiomyopathy, congestive heart failure (CHF), pulmonary embolism (PE), rhabdomyolysis, sepsis and left ventricular hypertrophy. 

  Heart injury with increased troponins also occurs in cardiac contusion, defibrillation and internal or external cardioversion. Increased troponins are commonly increased in several procedures such as cardiac surgery and heart transplantation, closure of atrial septal defects, percutaneous coronary intervention or radiofrequency ablation.

2- Non-cardiac conditions:-
  The distinction between cardiac and non-cardiac conditions is somewhat artificial; the conditions listed below are not primary heart diseases, but they exert indirect effects on the heart muscle.

  Troponins are increased in around 40% of patients with critical illnesses such as sepsis. There is an increased risk of mortality and length of stay in the intensive care unit in these patients . In severe gastrointestinal bleeding there can also be a mismatch between oxygen demand and supply of the myocardium.

  Chemotherapy agents can exert toxic effects on the heart (examples include anthracycline, cyclophosphamide, 5-fluorouracil and cisplatin). Several toxins and venoms can also lead to heart muscle injury (scorpion venom, snake venom, venom from jellyfish or centipedes). Carbon monoxide poisoning or cyanide poisoning can also be accompanied by release of troponins due to hypoxic cardiotoxic effects. Cardiac injury occurs in about one third of severe CO poisoning cases, and troponin screening is appropriate in these patients.

  Some patients with dissection of the ascending aorta have elevated troponins, and increased hemodynamic stress has been suggested as a mechanism . In both primary pulmonary hypertension, pulmonary embolism and acute exacerbations of chronic obstructive pulmonary disease (COPD), right ventricular strain with increased wall tension and ischemia. Of course, patients with COPD exacerbations might also have concurrent myocardial infarction or pulmonary embolism, so care has to be taken to  attribute increased troponin levels to COPD.

  Central nervous system disorders can lead to increased sympathetic tone and/or catecholamine release which lead to cardiac overstimulation. This is seen in subarachnoid hemorrhage, stroke, intracranial hemorrhage and (generalized) seizures (in patients with epilepsy or eclampsia, for example).

Patients with end-stage renal disease can have chronically elevated troponin T levels, which are linked to a poorer prognosis. 

  Troponin I is less likely to be falsely elevated . Strenuous endurance exercise such as marathons or triathlons can lead to increased troponin levels in up to one third of subjects, but it is not linked to adverse health effects in these competitors . High troponin T levels have also been reported in patients with inflammatory muscle diseases such as polymyositis or dermatomyositis . Troponins are also increased in rhabdomyolysis.

  In hypertensive disorders of pregnancy such as preeclampsia, elevated troponin levels indicate some degree of myofibrillary damage

  Cardiac troponin T and I can be used to monitor drug and toxin induced cardiomyocyte toxicity.
  Depending on the marker, it can take between 2 to 24 hours for the level to increase in the blood. Additionally, determining the levels of cardiac markers in the laboratory - like many other lab measurements - takes substantial time. Cardiac markers are therefore not useful in diagnosing a myocardial infarction in the acute phase. The clinical presentation and results from an ECG are more appropriate in the acute situation.


II- Cardiac Enzymes

Definition:-

  These enzymes present normally inside the cardiac muscle & each of them perform certain function & their plasma level start to increase when damage to cardiac muscle occur especially myocardial infarction .

They include:-

1- CPK " Creatinine phosphokinase" or "Creatine kinase".

2- Aspartate transaminase "AST" glutamate-oxaloacetate transaminase, GOT).

4- Lactate Dehydrogenase (LDH).

1- CPK " Creatinine phosphokinase" or "Creatine kinase":-

In human tissues, CPK exists as three different isozymes. Each isozyme is a dimer, composed of two protomers “M” (for muscle) and “B” (for brain).

- Thus three possible isozymes as follows:

	Type
	Structure
	Electrophoretic mobility
	Tissues distribution

	CPK-1
	BB
	Fastest (highly  -ve)
	Brain

	CPK-2
	MB
	Follows
	Myocardium

	CPK-3
	MM
	Slowest (highly +ve)
	Skeletal muscle


CK: Dimer composed of 2 monomers: M (43,000 Da) and B (44,500 Da)---- > CK BB or CK MB orCK MM

Role:

Creatine + ATP <---> ADP + Phosphocreatine + Energy

(muscular contraction)

CK BB = CK1 Increased in neurological diseases; prostatectomy; digestive cancers

CK MB = CK2 Increased with AMI

CK MM = CK3 Increased'in myopathy, hypothyroidy, polymyositis, rhabdomyolysis, traumatism, intensive exercise, AMI
[image: image3.emf]
CPK isozymes can be separated by:

1. Electrophoresis.

2. Ion exchange chromatography techniques.

Remarks:

1- Normally, CPK-2 (MB) isozyme is very few, accounting for about 2% of total CPK activity of plasma, and almost undetectable.

2- In myocardial infarction, increase of CPK-2 (MB) occurs within 4 hours, maximum in 24 hours, then falls rapidly.

3- MB accounts for 4.5 to 20% of the total CPK activity in plasma of patients with a recent myocardial infarction ( during the first 24 hours of myocardial infarction) and the total MB isozyme level is elevated up to 20 fold above normal.

The Creatine Kinase catalyzed reaction is as follows:-
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Creatine Kinase (CK-MB) test:-
Sensitivity and specificity:-

It is relatively specific when skeletal muscle damage is not present.
Approximate peak:

10–24 hours
Description:-

  CK-MB resides in the cytosol and facilitates high energy phosphates into and out of mitochondria. It is distributed in a large number of tissues even in the skeletal muscle. Since it has a short duration, it cannot be used for late diagnosis of acute MI but can be used to suggest infarct extension if levels rise again. This is usually back to normal within 2–3 days.
[image: image5.emf]
[image: image6.emf]
Advantages of using CKMB in  AMI:

• Detects AMI 4-6 Hours After Chest Pain

• Methodology is Rapid and Automated

• Turnaround Time <60 Minutes

Disadvantages:

• Not Cardiac Specific , Elevated CKMB Levels can be observed in:

·  Skeletal Muscle Involvement

·  Duchenne Muscular Dystrophy

·  Polymyositis

·  Alcohol Myopathy

· Thermal or Electrical Burn Patients

·  Carcinomas

·  Colon, Lung, Prostate, Endometrial

·  Atypical CK Isoenzymes and CKBB
2- Aspartate transaminase "AST" glutamate-oxaloacetate transaminase, GOT):-

· AST is present in both cytosol and mitochondria of the cells of myocardium, liver mainly but also of muscles, pancreas, kidney, etc.
· It catalyzes the transfer of amino group from aspartate to (-ketoglutarate to form glutamate and oxaloacetate in a reversible reaction.
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· Normal plasma level is 0 - 41 IU/L and increases to a maximum within 2-3 days  of myocardial infarction, increases in liver diseases, muscular dystrophy and myositis, acute pancreatitis, and after prolonged severe exercise.

· An elevated level of both ALT and AST indicate possible damage of liver cells. An elevated level of AST only suggests damage to heart muscle (myocardial infarction), skeletal muscle or kidney. This was the first used as cardiac marker . It is not specific for heart damage, and it is also one of the liver function tests.

3- Lactate Dehydrogenase (LDH):-

Under anaerobic conditions, i.e., absence of O2 or mitochondria, NADH.H+ is reoxidized to allow glycolysis to continue by lactate dehydrogenase (LDH) that reversibly reduces pyruvate into lactate. 
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- In serum, there are five physically distinct isoenzymes of this enzyme, known as LDH-1, LDH-2, LDH-3, LDH-4 and LDH-5. A sixth, atypical isoenzyme LDH has been found in male genital tissues, called LDHx.

- All these isoenzymes are different physically, but they catalyze the same reaction, i.e., the reversible oxidation of lactate into pyruvate.   The different isozymes may catalyze the reaction at different rates. The isozymes have different pH optima and Km values.

-  The different forms can be separated by electrophoresis.  The difference in electrophoretic mobilities is due to different electric charges on the isoenzymes due to difference in contents of acidic and basic amino acids.  
Examples are:

A) LDH-1 has the highest negative charge and hence moves fastest during electrophoresis.  It contains a higher proportion of aspartate and glutamate than the other forms.

B) LDH-5 is the slowest moving fraction.

- The isozymes may have other physical properties.  Example, LDH-4 and LDH-5 are easily destroyed by heat, whereas, LDH-1 and LDH-2 are not, even at 60oC, i.e., heat resistant.

Structure of LDH isoenzymes:

- It has been shown that the existence of different isozymes is due to difference in the quaternary structure of the enzyme protein.  Each isozyme protein is made up of four polypeptide subunits, thus each is a tetramer. Each subunit may be one of two types termed H and M and the different isoenzymes contain H and M in different combinations.   Thus five possible combinations occur,

	Type
	Structure
	Electrophoretic mobility
	Tissue distribution

	LDH-1
	(H4) HHHH
	Fastest moving
	RBCs and heart

	LDH-2
	(H3M) HHHM
	Follows LDH-1
	RBCs and heart

	LDH-3
	(H2M2) HHMM
	Follows LDH-2
	Brain and kidney

	LDH-4
	(HM3) HMMM
	Follows LDH-3
	Liver and muscles

	LDH-5
	(M4) MMMM
	Slowest moving
	Liver and muscles


[image: image9.emf]
Clinical significance:

- Damage to either of myocardium or liver causes increase in total serum LDH and the type of specific isozyme is easily identifiable.

- In normal serum, LDH2 (H3M) is the most prominent isozyme, whereas, the slowest peak of LDH-5 is rarely seen.  After myocardial infarction ( from 5-7 days of infarction) , the faster isoenzymes LDH-1 and LDH-2 predominate.
Sensitivity and specificity for MI:-

LH is not as specific as troponin.

 Approximate peak:-

72 hours
Description:-

 Lactate dehydrogenase catalyses the conversion of pyruvate to lactate. LDH-1 isozyme is normally found in the heart muscle and LDH-2 is found predominately in blood serum. A high LDH-1 level to LDH-2 suggest MI. LDH levels are also high in tissue breakdown or hemolysis. It can mean cancer, meningitis, encephalitis, or HIV. this usually back to normal 10–14 days.
[image: image10.emf]
Figure showing LD isoenzyme electrophoresis

(normal)
[image: image11.emf]
Figure showing LD isoenzyme electrophoresis

(abnormal)
[image: image12.emf]
Conditions Causing Flipped LD1/LD2 Without Acute Myocardial Infarction:-
• Hemolysis

• Megoblastic & Pernicious Anemia

• Renal Cortex Infarction

• Testicular Germ Cell Tumors

• Small Cell Lung Carcinoma

• Adenocarcinoma of the Ovary

• Acute Coronary Insufficiency (Unstable Angina)

• Exercise Induced Myocardial Ischemia

• Polymyositis

• Muscular Dystrophies

• Well Trained Athletes

• Rhabdomyolysis

· In acute viral hepatitis, the slowest isoenzymes LDH-5 and LDH-4 (H M3) predominate.   The figure below is the electropherogram for serum proteins labeled for lactate dehydrogenase in these three conditions.
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Chemical differentiation of LDH isoenzymes: By: 

(1) Inhibition with urea.  

(2) Reaction with alternative substrate.

- Hepatic LDH (LDH-5) is inhibited by urea. Reaction with alternative substrate, cardiac LDH (LDH-1 and 2) utilizes oxo-butyrate preferentially to pyruvate, whereas, liver LDH (LDH-5 and 4) has relatively less activity on oxo-butyrate.

LDH isoenzymes in malignancy:

- Total serum LDH is frequently elevated in neoplastic diseases.  Isozyme pattern shifts towards slower migrating zone, i.e., there is increase in LDH-3, LDH-4 and LDH-5. An increase in LDH-5 is seen in breast carcinoma, malignancies of CNS, and prostatic carcinoma.   In leukemias, rise is more in LDH-2, and LDH-3.   Cancers of testes and ovary show rise of LDH-2, LDH-3 and LDH-4.


III-Myoglobin (Mb)
Sensitivity and specificity:

low specificity for myocardial infarction
Approximate peak:-

2 hours
Description:-
Definition:

• Oxygen-binding protein

• MW=17,800 kd

• Cytoplasmic

• Heart and Skeletal Muscle Tissue , Myoglobin is used less than the other markers. Myoglobin is the primary oxygen-carrying pigment of muscle tissue. It is high when muscle tissue is damaged but it lacks specificity. It has the advantage of responding very rapidly, rising and falling earlier than CK-MB or troponin. It also has been used in assessing reperfusion after thrombolysis .
Serum Myoglobin Levels in Various Conditions:-
Increased In:

• AMI

• Open heart surgery

• Exhaustive exercise

• Skeletal muscle damage

• Progressive Muscular

• Dystrophy

• Shock

• Renal Failure

• Following IM injection
Remains Normal:

• Chest pain without AMI

• CHF without AMI

• Cardiac catherization

• Moderate exercise
Myoglobin in AMI:-
Advantages:

• Early Indicator of AMI

• Methodology - Automated

• Results Available in <60 Minutes

Disadvantages:

• Not Cardiac Specific

• Elevated in Trauma

• Skeletal Muscle Damage

• Exercise

• Impaired Renal Function
[image: image14.emf]
[image: image15.emf]
Figure showing Release of Some cardiac markers in myocardial infarction

IV- Ischemia-Modified Albumin [IMA]

  In 2003, IMA became the first FDA-approved ischemic biomarker and was recommended for use in ruling out ACS, especially in patients presenting with typical acute chest pain but normal or non-diagnostic ECGs . The basis of this test depends on that albumin in the serum of patients with myocardial ischemia exhibited lower metal-binding capacity for cobalt than the albumin in serum of normal subjects. This change in cobalt binding capacity was found to become significant only minutes after, returning to normal within 12 h.

    Furthermore, it was reported that the combination of the IMA assay with traditional biomarkers like myoglobin, CK-MB and cTnI, increased the diagnostic sensitivity for myocardial ischemia from 57% to as much as 97%. On the other hand, these ischemic related increases in IMA may be due to non specific injury of tissues other than the myocardium. Modifications to the N-terminal regions of albumin may be induced by mechanisms such as endothelial and extracellular hypoxia, acidosis, free radical injury and sodium/calcium pump disruptions. However, it has also been observed that many patients without evidence of ischemia can have elevated levels of  IMA. Raised IMA levels following vigorous aerobic training , radiofrequency catheter ablation, and skeletal muscle ischemia or in patients with peripheral vascular disease and in diseases associated with oxidative stress such as systemic sclerosis. In addition, a deletion defect in the N-terminus of albumin was documented in a non-ischemic individual, which masked the decreasing cobalt-binding effect of cardiac ischemia.
Sensitivity and specificity:-

low specificity

Description:-
  IMA can be detected via the albumin cobalt binding (ACB) test, a limited available FDA approved assay. Myocardial ischemia alters the N-terminus of albumin reducing the ability of cobalt to bind to albumin. IMA measures ischemia in the blood vessels and thus returns results in minutes rather than traditional markers of necrosis that take hours. ACB test has low specificity therefore generating high number of false positives and must be used in conjunction with typical acute approaches such as ECG and physical exam. Additional studies are required


V- Unbound free fatty acids [UFFA]

  Serum FFAu concentrations are determined from the ratio of total serum free-fatty acids (FFAs) to total serum albumin. It shows significant increases  in ischemic-related events

VI-C-reactive protein

  CRP is an acute phase reactant, produced in the liver in response to interleukin (IL)-6. It is a highly stable pentameric protein and its serum concentration can increase 10,000-fold during the acute phase response. CRP may even play an active role in atherogenesis. It has been shown that CRP co-localizes with the membrane attack complex in early atheromatous lesions. CRP detected  in the early stages of plaque development and also involved  in facilitating processes ranging from the initial recruitment of leukocytes to the arterial wall to the eventual rupture of the plaque itself. loss of the pentameric symmetry of CRP resulting in a modified or monomeric CRP form (mCRP), which may be the major CRP isoform promoting the proinflammatory response in coronary arteries.
  CRP  was recommended as the inflammatory biomarker of choice for assessment of cardiovascular risk. The high sensitivity CRP assay (hs-CRP) was originally developed to aid evaluation of conditions associated with inflammation, in otherwise healthy individuals. Cardiac CRP (cCRP) assays are indicated for use in the clinical identification and stratification of patients at risk of future CVD-associated events. The hs-CRP assay is frequently quoted in a cardiac context and indeed both hs- CRP and cCRP assays have equivalent clinical cut-off and measuring ranges.

VII-Myloperoxidase
   MPO is a mediator enzyme secreted by inflammatory cells e.g. activated neutrophils and monocytes and is found in atherosclerotic plaques. Accumulating evidence indicates that MPO may also have a causative role in plaque vulnerability. MPO can generate several reactive oxidized intermediates, concomitantly inducing oxidative damage of cells and tissues. Such reactive intermediates have been found at increased levels in low density lipoprotein (LDL) isolated from atherosclerotic lesions. Moreover, high MPO expression levels have been reported in patients with sudden cardiac death, at sites of plaque rupture, superficial erosions and in the lipid core, whereas less harmful fatty streaks were observed to exhibit little MPO expression. Several recent clinical studies have suggested that MPO levels may play a potentially important diagnostic and prognostic role in endothelial function, CAD " coronary artery disease" and ACS "Acute coronary syndrome".
  MPO levels, in contrast to cTnT, CK-MB and CRP levels, identified patients at risk for cardiac events in the absence of myocardial necrosis. It has subsequently been suggested that MPO may play an important role in identifying shortterm risk of recurrent ischemic events, again, independent

of clinical risk factors like cTnI and other novel biomarkers.
 VIII- Natriuretic peptides
  B-type natriuretic peptide (BNP) is a neurohormone secrete from the cardiac ventricles as a response to pressure or volume overload. B-type natriuretic peptide, an established cardiac biomarker for patients with heart

failure, is also elevated in patients with ACS and can identify ACS patients who are at higher risk for adverse cardiovascular events, including heart failure or death. The utility of BNP as a diagnostic cardiac biomarker for ACS is based upon the premise that early after the onset of ischemia, impaired diastolic (and often systolic) function occurs with subsequent increases in left ventricular pressure and volume overload, potentially resulting in release of BNP. As the half life of BNP is approximately 20 minutes, dynamic changes in BNP can occur rapidly. B-type natriuretic peptide levels rapidly decrease in unstable angina patients with resolution of ischemia. This suggests that BNP may provide important diagnostic and prognostic information in patients with potential ACS.
  Another biomarker family which shares these characteristics is the B-type natriuretic peptides (BNP) and N terminal pro-B-type natriuretic peptide (NTproBNP). These peptides are synthesized in the cardiac ventricles and belong to a family of naturally occurring hormones known as natriuretic peptides. These peptides are produced in increased amounts by the heart in response to CHF especially acute congestive heart failure and function by lowering pressure in the lungs and also by increasing urine flow. Patients with < 80 have a much higher rate of symptom free survival within a year. Generally, pt with CHF will have > 100.

IX- Soluble fragment CD40 legends (sCD40L)
  Soluble CD40 ligand (sCD40L) is contained in platelet granules and thus its presence in the blood is a marker of platelet activation. By interacting with CD40, which is found on endothelial and smooth muscle cells, sCD40L may trigger the release of inflammatory mediators, lead to increased activity of matrix metalloproteinases, and activate the coagulation cascade.  Several recent studies have demonstrated that sCD40L is a powerful and independent predictor of outcome in ACS 

 sCD40 legends are a signaling protein that reflects both inflammatory and platelet interaction. It was reported that elevations of sCD40L correlated with an increased risk of cardiac events during six months of follow-up. However, a rise in sCD40L was associated with many other inflammatory conditions i.e. rheumatoid arthritis, sickle cell anemia and systemic lupus erythematosus.

X- Glycogen phosphorylase isoenzyme BB
Sensitivity & Specificity:
high sensitivity and specificity early after chest pain
Description:-
  Glycogen phosphorylase isoenzyme BB (abbreviation: GPBB) is an isoenzyme of glycogen phosphorylase. Glycogen phosphorylase exists in 3 isoforms. One of these Isoforms is GP-BB. This isoform exists in heart and brain tissue. Because of the blood-brain barrier GP-BB can be seen as heart muscle specifc. During the process of ischemia, GP-BB is converted into a soluble form and is released into the blood. This isoform of the enzyme exists in cardiac (heart) and brain tissue. GP-BB is one of the "new cardiac markers" which are discussed to improve early diagnosis in acute coronary syndrome. A rapid rise in blood levels can be seen in myocardial infarction and unstable angina. GP-BB elevated 1-3 hours after process of ischemia.
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