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            Key Points

                	
                  Neural activity influences the haemodynamic properties of the cerebral vasculature in a number of ways. The increase in local blood flow and subsequent decrease in the local concentration of deoxygenated haemoglobin that occur at the site of neural activity are the basis of the blood-oxygen-level-dependent (BOLD) signal that is measured by functional magnetic resonance imaging (fMRI). Changes in neurovascular coupling that occur with age or disease might alter the BOLD signal.

                
	
                  Vasodilators that are probably mediators of neurovascular coupling include: K+, which is released from active nerve terminals; nitric oxide (NO), which is probably produced by neuronal NO synthase; release of eicosanoids by astrocytes, stimulated by glutamate; and possibly other neurotransmitters.

                
	
                  Changes in cerebrovascular ultrastructure during ageing result largely from arteriosclerotic changes, which probably decrease the elasticity and compliance of affected vessels. If cerebral vessels are occluded, post-stenotic compensatory dilation might reduce the dynamic range of vascular reactivity in the affected area.

                
	
                  Ageing is also associated with a decrease in resting cerebral blood flow, cerebral metabolic rate of O2 consumption and vascular reactivity. There is evidence that the BOLD signal shows a decreased signal-to-noise ratio in older subjects, probably because of a greater level of noise. In individuals with cerebrovascular disease, neurovascular coupling has also been found to be altered, although only two studies have been reported.

                
	
                  These findings have implications for fMRI studies that aim to compare neural activity between ageing or diseased populations and young or healthy subjects. It might be necessary to screen subjects carefully for cerebrovascular abnormalities. Possible alterations in neurovascular coupling must be considered when interpreting the results of such studies.

                
	
                  Advances in the design or analysis of experiments should make it easier to distinguish between changes in neurovascular coupling and changes in neural activity. The combination of functional imaging with other techniques, such as the measurement of event-related potentials, might also be helpful in this regard.

                


              

Abstract
Functional magnetic resonance imaging (fMRI) has rapidly emerged as a powerful tool for studying brain function, despite the fact that it measures neuronal activity indirectly, through the blood-oxygen-level-dependent (BOLD) signal. The BOLD signal depends on neurovascular coupling â€” the processes by which neural activity influences the haemodynamic properties of the surrounding vasculature. Although the exact mechanisms that underlie neurovascular coupling are not completely understood, there is empirical evidence that these mechanisms might be altered in normal ageing and disease. So, interpretation of BOLD fMRI studies of individuals with different ages or pathology might be more challenging than is commonly acknowledged.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$189.00 per year
only $15.75 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Schematic of the transformation of neural activity elicited by a stimulus to a haemodynamic response resulting in a blood-oxygen-level-dependent (BOLD) signal.


Figure 2: Some of the suspected mediators of neurovascular coupling.


Figure 3: Ultrastructural changes observed in the cerebral microvasculature of elderly individuals as compared with younger individuals.


Figure 4: Empirical observations of decreased signal-to-noise ratio in the blood-oxygen-level-dependent (BOLD) signal of older individuals as compared with younger individuals.


Figure 5: Abnormal blood-oxygen-level-dependent (BOLD) signal in patients with cerebrovascular pathology.
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