I. Special features of cerebral circulation

A. Gross anatomy

B. Hemodynamics

1. Brain arteries are different

a. even large arteries have ample smooth muscle

b. pressure drop in arteries preceding arterioles is much greater (half the drop in the circuit occurs before arterioles!!

C. Table showing vascular parameters for dog 

1. most volume is in small vessels - greatest in capillaries, lots in venules & veins

2. capillary equilibration time is over 2 sec

	
	some vascular parameters for 10 kg dog/ 80g brain
	
	

	vessel class
	
	1st
	2nd arterioles
	3rd capillaries
	4th venules
	5th

	pressure drop
	torr
	5
	48
	20
	3
	1

	blood flow
	ml/sec
	1
	1
	1
	1
	1

	blood velocity
	cm/sec
	7
	2
	0.05
	0.8
	2

	radius (avg)
	mm
	0.5
	0.06
	0.003
	0.1
	0.5

	xs area
	sqmm
	0.78500
	0.01130
	0.00003
	0.03140
	0.78500

	length (avg)
	mm
	60
	20
	1.19
	12.5
	41.7

	volume
	cubic mm
	47.1
	0.23
	0.000034
	0.39
	32.73

	number
	
	18
	6,400
	71,000,000
	3980
	64

	total xs area
	sqmm
	14
	72
	2006
	125
	50

	total volume
	cubic mm
	848
	1447
	2388
	1562
	2095

	total volume
	ml
	8
	14
	24
	16
	21

	transit time (avg)
	sec
	0.9
	1.0
	2.4
	1.6
	2.1

	moskalenko Biophysical aspects of cerebral circulation 1980
	
	
	


D. Cerebral microvasculature (figures from Neurophysiological basis of cerebral blood flow control, S. Mraovitch & R Sercombe 1996)

1. Small Arteries

a. Pial arteries lie on surface (in arachnoid space)

b. arterioles branch off and dive at 90° angle into cortex. 

c. All arterial generations have smooth muscle and are innervated Larger arteries have elastic lamina and multiple smooth muscle layers. Arterioles lack elastic lamina, have 1-3 layers of sm muscle

d. vasa vasorum not seen – nourished by CSF?

2. Veins/venules follow same geometry, but are not paired with arteries/arterioles

3. Capillaries form mesh.  

a. about 6 micron internal diameter, 0.2 micron wall. 

b. capillary density (number per unit tissue) proportional to local metabolism -- each neuron is within a couple cell diameters of a capillary

c. closed capillaries are not seen -- flow rate in open capillaries increases with demand, rather than recruiting capillaries as in many tissues

d. Tight junctions form 'blood brain barrier' 

i. gasses pass easily

ii. H2O diffusion impeded -- important for MRI signal

iii. most large molecules (like drugs, neurotransmitters and hormones) do not pass

iv. Ions do not pass

v. Molecules with special carriers (e.g., glucose and amino acids) can pass.

vi.  high electrical resistance

vii.  contains active Na+ / K+  transporters that pump K+ out of csf

viii.  bbb permeability subject to active regulation

E. Brain Metabolism

1. brain energy 

a. brain power consumption is 20 watts or 250cal/min  (whole body 1275 cal/min)

i. More that 50% of energy budget for pumping.  

ii. large amount for transmitter reuptake & storage  -- some of this transport may be coupled to Na+ / K+ pump

iii. Spike activity of whole brain approx 7X10-5 cal/gm/sec or about 2% of brain energy budget

iv. some  O2 consumption is for neurotransmitter synthesis (2%?)

v. metabolism hetrogeneous mean -50% to +100% in grey matter; i.e., 4 fold.-- see table below

b. brain is mainly dependent on glucose, but can use ketone bodies during fasting may account for 50% of brain energy

i. glucose in brain is rapidly incorporated into AA in tricarboxilic acid cycle

 esp glutamate -- which is precursor to transmitters glutamine, GABA,   

 also others precursor to dopamine, norepi, etc. 

 Ach is derived from acetyl co-A

c. brain is mainly dependent on aerobic metabolism

i. in normal steady state local glucose metabolism is tightly coupled to local O2 metabolism

Brain ATP stores (3mols/gm) would last 6 - 9 sec.  phosphocreatine stores add 10 sec 

F. Fick applied to brain V(O2 =Q(  (CaO2 - CvO2 ) 
where Q(  is blood flow; Ca, Cv are arterial & venous content  

1. V(O2 of 1500g human brain is about 50 ml/min

2. Q( is about 700ml/min 

CaO2 is normally 0.2ml O2 per ml blood, CvO2 of brain is about 0.13

3. brain weight is 1500gm or 2% BW, brain V(O2 is 20% whole body V(O2  (up to 50% in 0-10 yr olds) B3 calculates from these figures 700ml/min CBF  (14% of C.O.)  or 0.47ml/min/gram of brain

G. CerebroVascular control EXPAND SECTION

1. Metabolic regulation -- negative feedback acts to maintain levels of O2 and CO2 in brain tissue INCLUDE ISSUES OF GLOBAL CHANGE

a. strongest control exerted by CO2 (different from most of body, where O2 dominates)

i.  CO2 dilates vessels -- increases flow

ii.  CO2 probably acts via vascular intracellular H+ concentration -- may be in smooth muscle cells, endothelium, or both

b. O2 changes can also have a potent effect

i.  O2 decrease (hypoxia) dilates vessels -- increases flow

ii.  O2 probably acts through adenosine levels (produced when ATP degraded for energy)

iii.  O2 probably acts through K+ channels that are controlled by intracellular ATP levels

c. ADD MAGESTRETTI MODEL & OTHER POSSIBLE METABOLIC STIMULI TO rCBF

2. Non-metabolic control -- feedforward -- increased blood flow not directly related to metabolism

a. spilled transmitters from active synapses

b. metabolic precursors 

3. NEURAL CONTROL

a. INPUTS FROM BARO/CHEMORECEPTORS ETC 

b. INNERVATION OF CEREBRAL VASCULATURE

H. Table: Metabolic heterogeneity 

from Neurophysiological basis of cerebral blood flow control, S. Mraovitch & R Sercombe 1996

	monkey brain gluc metab
	mol/100g/min
	as % mean

	auditory
	
	

	aud cort
	79
	164%

	med genic
	65
	135%

	inf colliculus
	106
	220%

	sup olive
	63
	131%

	cochlear nucl
	51
	106%

	visual
	
	

	visual cort
	59
	123%

	lat genic
	39
	81%

	sup collic
	55
	114%

	limbic
	
	

	parietal cort
	47
	98%

	nucleus accumb
	36
	75%

	amygdala
	25
	52%

	hippocampus
	25
	52%

	mammilary bodies
	57
	119%

	pontine grey
	28
	58%

	motor
	
	

	sens-mot cortex
	44
	91%

	caudate-putamen
	52
	108%

	globus pallidus
	26
	54%

	substantia nigra
	29
	60%

	cerebellar cort
	31
	64%

	cerebellar nucl
	45
	94%

	mean grey
	48.1
	

	white matter
	
	

	corpus callosum
	11
	

	internal capsule
	13
	

	cerebellar white
	12
	


BrainPerfusionMRIcourse B3  saved 9/22/2004 5:45 PM              p1 of 3 

