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Overview 

Early recognition 

Prevention of precipitating factors 

Hypertension is the most important 

Prognosis following hemorrhagic transformation is 

poor.  

 It is directly related to stroke damage and 

inflammatory response.  

Damage to the blood brain barier (BBB) 



Symptoms 

Cerebral reperfusion syndrome presents as 

a triad: 

Ipsilateral headache 

Contrlateral neurological deficits  

Seizure 

Symptoms may arise up to one month.  
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Risk Factors 

Post-operative hypertension 

High-grade stenosis with poor colleteral flow 

Decreased cerebral vasoreactivity 

 Increased peak pressure, such as in contralateral 

carotid occlusion 

Recent contralateral CEA (<3 mo) 

 



Hypertension 

The most common factor 

A physiologic compensation for cerebral ischemia 

The key to reperfusion injury is ischemic disruption 

of BBB. 

The injured endothelium is unable to maintain its 

structural integrity against systemic vascular 

resistance. 

Reperfusion injury  

Hemorrhagic transformantion.  





Ischemia 

Lack of glucose and oxygene 

Depletion of ATP 

Decrease in Na-K-ATPase 

Lactic acidosis  

Release of extracellular glutamate 
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Ischemia 

 Endothelial swelling  

 Release of proteolytic enzymes leading permeability 

 Nitric oxide 

 Microvascular leukocyte accumulation 

 Proinflammatory cytokines such as interleukin-1 and tissue 

necrosis factor-α 

 Toxic free radicals 



Reperfusion Effects on Brain 

 Stage 1. Reactive hypermia leading loss of cerebral 

autoregulation, increased BBB permeability and acute 

elevation in regional cerebral blood flow.  

 Stage 2. Hypoperfusion 

 Stage 3. Paracellular permeability 
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Reperfusion Injury After Thrombolytic 

Therapy 

Within 24-36 hours of stroke after revascularization 

(lytics, antitrombotics or mechanical devices) 

The question is whether the increased rates of 

hemorrhagic transformation is related to 

reperfusion and biochemical pathways or lytic 

itself? 

 Incidence is higher with intra-arterial lytics (10%) 

than intravenous (6.4%) 

 



Effect of r-tPA 

The hemorrhage may be related to directly 

thrombotytic 

Thrombolytic may exacerbate BBB distruption 

Promote the inflamation by NMDA –type 

glutamate receptors  

Amplify excitotoxic calcium currents 



Risk Factors for Hemorrhagic 

Transformation 

Stroke severity 

Age (to be older) 

Higher lytic doses 

Delayed revascularization 

The median time estimate of BBB distruption 

from onset of ischemia is proposed to be 3.8 

hours.  

 



Prevention of Reperfusion Injury 

Blood pressure control 

What is the optimal blood pressure? 

 















Free-radical Scavengers and 

Antiadhesion Therapy 

Agents that block leukocyte endothelial 

adhesion 

Monoclonal antibodies that block adhesion 

receptors either on leukocytes (CD-18) or the 

endothelial cell (ICAM-1) 

Experimental studies have shown 

beneficial effects 



Free-radical Scavengers and Anti-

adhesion Therapy 

Anti-adhesion therapies is beneficial when 

reperfusion is likely and not beneficial when 

the ischemia is permenant.  

Clinical studies using anti-bodies against 

ICAM-1 have failed to show clinical benefit.  
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