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22 JUNE 1984 

Is There an Evoked Vascular Response? 

Abstract. Event-related potentials of the brain are enhanced when stimulation is 

synchronized with diastolic phases of cerebral or cephalic pulse pressure waves. A 
cerebral vascular event has been found to be temporally consistent with the event

related potential. Averaged evoked vascular responses were measured with bioim

pedance techniques from the brain and the arm. Changes in brain blood volume 

occurred 150 to 250 milliseconds after stimulation synchronized with diastolic but not 
systolic phases of the cerebral pulse pressure wave. The time course of this 

phenomenon defies the usually accepted characteristics of metabolic activity. The 
evoked vascular response may be a neurally mediated event in anticipation of altered 

metabolic demand, and it offers the possibility of measurement in real time. 

A major problem in assessing cerebral 
metabolism during mental processing is 
temporal resolution of measurement. 
The 2-deoxy-o-glucose autoradiographic 
techniques in animals (/) and the posi-
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tron emission tomographic approach in 
human subjects (2) provide promising 
tools for localization; the temporal reso
lution of these procedures, however, is 

30 to 40 minutes, which is unsuitable for 
assessing event-related mental activity. 
An invasive method has recently been 
described for measuring local cerebral 
blood flow in animals with a temporal 
resolution of 30 to 40 seconds (3). We 
now report a noninvasive method for 
measuring transient responses of the ce
rebral vasculature in the range of milli
seconds in conscious human subjects. 
The method permits the assessment of 
neurogenic hemodynamics reflecting 
mental activity in real time. 

Electrophysiological procedures, such 
as event-related potentials (ERP's) of the 
brain, are reliable temporal measures of 
neural function (4). Such ERP's measure 
obligatory "reflexes" of the brain linked 
to physical stimuli as well as endogenous 
responses, such as stimulus evaluation 
and decision time (5). Cardiovascular 
phase influences evoked responses of 
the brain (6). Stimulation synchronized 
with the diastolic phase derived from the 
carotid or ophthalmic artery augments 
the ERP; conversely, stimulation during 
the systolic phase attenuates the ERP. 

These and other influences on sensory 
threshold (7) have been proposed to re
sult from the influence of baroreceptors 
on higher centers of the brain (8). How
ever, irrespective of cardiovascular 
phase, brief auditory stimuli also evoke 

Fig. I. Individual difference waves. Each 
wave is the result of subtracting 40 diastole
stimulated wave forms (250 msec prestimulus 
and 1250 msec poststimulus) from 40 nonstim
ulated wave forms. Each subject's record 
shows a stimulus-induced volumetric change 
occurring between 200 and 400 msec. Most 
wave forms reflect transient changes in vol
ume without changes in flow, since imped
ance signals tend to return to baseline within 
the short sampling period. Even though the 
cardiac period varied considerably among the 
subjects, the temporal characteristics of the 
waves were consistent. The 10 percent 
change shown refers to the percentage change 
from the nonstimulated wave form. 
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