Ischemia reperfusion injury – Madden


Clinical Manifestations of IR:
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

· Myocardial stunning
· Reperfusion arrhythmias
· CNS ischemia reperfusion injury
· Gastrointestinal ischemia reperfusion injury
· MODS


Myocardial stunning:
· Defined as: myocardial dysfunction persisting after reperfusion despite the absence of irreversible damage.
· Contractile dysfunction
· Transient and fully reversible with time,
·  Temporary inotropic or mechanical support may be required
· Mechanisms of myocardial stunning may include:
· Decreased ATP resynthesis
· Coronary microvasculature spasm or plugging
· ROS-mediated cytotoxic injury
· Altered intracellular calcium release and uptake

Reperfusion arrhythmias:
· Frequent in patients undergoing thrombolytic therapy or myocardial surgical revascularization
· V-tach, V-fib, AIVR are often observed following myocardial IR
· Reperfusion arrhythmias may be in part due to rapid and sudden ion concentration changes within ischemic tissues upon reperfusion
· Staged gradual reflow may reduce the incidence of malignant arrhythmias


CNS ischemia reperfusion injury:
· May contribute to the morbidity and mortality of:
·  Stroke
· TBI 
· Carotid endarterectomy
· Aortic aneurysm repair
· Deep hypothermic circulatory arrest


· Characterized by:
·  Disruption of the blood–brain barrier  resulting in:
· Cerebral edema
· Increased intracranial pressure
· Leucocyte transmigration into the surrounding brain tissues
· Leucocytes may then release various proteases, lipid-derived mediators and ROS that may result in irreversible tissue damage
· Because of a loss of cerebral vasoreactivity, a reactive hyperemia may occur which may worsen the cerebral edema

Gastrointestinal ischemia reperfusion injury:
· Characterized by decreased intestinal barrier function
· Pathological conditions or surgical procedures where GI I–R injury may occur include:
· Strangulated bowel
· Hemorrhagic shock
· Vascular surgery producing intestinal ischemia
· GI-IR may result in increased intestinal permeability and bacterial translocation into the portal and systemic circulations
· GI I–R injury may also be associated with impaired gut motility and absorption
· Activation of complement and circulating leucocytes by translocated bacteria may eventually lead to the development of SIRS

MODS:
· Risk factors for MODS include sepsis, major trauma, circulatory shock, aortic cross-clamping, burns, pancreatitis and immunological disorders







Therapeutic implications:
>>>>>>>>>>>>>>>>>>>>>>>>>>>>

· Leukocyte therapy
· Ischemic preconditioning
· Antioxidant therapy
· Complement therapy





Leukocyte therapy:
· Therapeutic strategies to prevent leucocyte-mediated I–R injury includes:
· Inhibition of leucocyte adhesion molecule synthesis
· Inhibition of inflammatory mediator release
· Inhibition of receptor engagement
· Inhibition of endothelial cell adhesion
· Inflammatory mediators that facilitate leukocyte adhesion:
· Platelet activation factor (PAF)
· Histamine
· Leukotriene B4 (LTB4)
· TNF-α 
· One experimental approach has been to inhibit the release or receptor engagement of such mediators using anti-TNF-α antibodies, soluble IL-1 receptor antagonists or PAF–LTB4 antagonists
· Aspirin has been shown to induce biosynthesis of a group of bioactive eicosanoids known as ‘aspirin-triggered’ lipoxins
· Lipoxins are potent inhibitors of leucocyte chemotaxis, adhesion and transmigration induced by leukotrienes and other inflammatory mediators
· Administration of novel biostable lipoxin analogues has been shown to attenuate PMN-mediated changes in vascular barrier function and second-organ injury in several experimental models of I–R
· A second therapeutic approach to limiting or preventing I–R injury is to decrease leucocyte adhesion molecule synthesis
· Many commonly prescribed anti-inflammatory drugs, such as aspirin, glucocorticoids, gold salts and D-penicillamine, attenuate activation of transcription factors (e.g. NF-κB, AP-1) which regulate leucocyte adhesion molecule synthesis or cytokine expression
· Antisense oligodeoxynucleotides and transcription factor decoys have also been used successfully to attenuate leucocyte adhesion molecule expression and cytokine release
· I–R injury may also be attenuated by inhibiting leucocyte–endothelial interaction
· Monoclonal antibodies directed against leucocyte adhesion molecules or their soluble forms (e.g. PSGL-1 or ICAM-1) have been successfully used in several experimental models to prevent binding of the membrane-bound form of the adhesion molecule to its ligand

Ischemic preconditioning:
· Repeated exposure of tissues to brief periods of ischemia or hypoxia may protect against the harmful effects of prolonged I–R
· Different mechanisms are thought to be responsible for the protective effects
· Adenosine or α1-adrenergic receptor mediated activation of pertussis-sensitive G proteins, which in turn stimulate phospholipase C or D to activate protein kinase C . Thus, the beneficial effects of acute ischemic preconditioning may be due to augmentation of cellular energy stores and decreased leucocyte adherence
· Delayed preconditioning is dependent on altered gene expression and synthesis of new proteins, including antioxidant enzymes, NO synthase and heat shock proteins
· Adenosine is a critical factor in tissue protection during ischemia and/or hypoxia
· Ischemic preconditioning is associated with increased extracellular adenosine formation
· Inducible NO synthase may play a role

Antioxidant therapy:
· Experimental data obtained from studies using the following have suggested that antioxidant therapy may prevent or attenuate I–R injury:
·  N-acetylcysteine
· angiotensin-converting enzyme inhibitors
· Mannitol
· iron-chelating compounds
· catalase
· superoxide dismutase
· allopurinol
· calcium-channel antagonists
· vitamin E 
· Studies show mixed results

Complement therapy:
· Inhibition of complement activation has been shown to reduce I–R injury significantly in many experimental models
· Administration of soluble complement receptor 1, a C3 convertase inhibitor, significantly decreased myocardial infarction size (by 44%) in an experimental rat model
· Similarly, a recombinant single-chain antibody specific for human C5 (pexelizumab) was shown to attenuate complement activation, leucocyte activation, myocardial injury and acute postoperative mortality significantly
· Studies show mixed results










Questions:

1. Please list the 5 clinical manifestations of IR injury as stated in this review.

2. What is the postulated mechanism by which arrhythmias occur following reperfusion?

A. Increased intracellular calcium concentration resulting in altered in impulse conductance
B. Liberation of myocardial depressant factors, specifically I-L6
C. Accumulation of APT breakdown products, superficially hypoxanthine and subsequent ROS generation
D. Rapid and sudden ion concentration changes within ischemic tissues upon reperfusion

3. CNS ischemia reperfusion injury is primarily characterized by disruption of the blood brain barrier. T or F?


4. List the therapeutic target categories stated in this review that have been used to attenuate IR





5. Which of the following has NOT been used as a therapeutic strategy to prevent leucocyte-mediated I–R injury?

A. Inhibition of leucocyte adhesion molecule synthesis
B. Inhibition of inflammatory mediator release
C. Inhibition of receptor engagement
D. Inhibition of endothelial cell adhesion
E. Inhibition of leukocyte diapedesis
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Questions with answers:

1. Please list the 5 clinical manifestations of IR injury as stated in this review
Answer:
· Myocardial stunning
· Reperfusion arrhythmias
· CNS ischemia reperfusion injury
· Gastrointestinal ischemia reperfusion injury
· MODS

2. What is the postulated mechanism by which arrhythmias occur following reperfusion?

A. Increased intracellular calcium concentration resulting in altered in impulse conductance
B. Liberation of myocardial depressant factors, specifically I-L6
C. Accumulation of APT breakdown products, superficially hypoxanthine and subsequent ROS generation
D. Rapid and sudden ion concentration changes within ischemic tissues upon reperfusion

Answer: D

3. CNS ischemia reperfusion injury is primarily characterized by disruption of the blood brain barrier. T or F?
Answer: True

4. List the therapeutic target categories stated in this review that have been used to attenuate IR
Answer:
· Leukocyte therapy
· Ischemic preconditioning
· Antioxidant therapy
· Complement therapy

5. Which of the following has NOT been used as a therapeutic strategy to prevent leucocyte-mediated I–R injury?

A. Inhibition of leucocyte adhesion molecule synthesis
B. Inhibition of inflammatory mediator release
C. Inhibition of receptor engagement
D. Inhibition of endothelial cell adhesion
E. Inhibition of leukocyte diapedesis
Answer: E
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