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Tfy-99.269 Current methods and issues in 
monitoring physiological systems

Lecture 12, April 11, 2005

• More about cardiac output by Model Flow
• Cardiac output by impedance plethysmography

• Brain: Functional NIRS measurements 
• Cerebral Blood Flow
• Cerebral Oxygenation

• Neurovascular coupling

Wesseling II: Modelflow method
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P0 decreases strongly with age
P1 decreases slightly with age
Amax is age independent, but depends on gender in a scattered way 

In practice aortic pressure is not available but you need to use e.g. radial pressure
from the arm as a surrogate. Requires more modeling and solution of inverse problem
to calculate paortic from pradial



4

Calibration factor !

Typical CO trend measured by modelflow

before
calibration

after
calibration
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Cardiac output by impedance plethysmography

inject current into tissue

measure voltage difference

1 mA @100 kHz

Impedance change vs. volume change
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Problem: Find the
printing errors
in this calculation!

Measuring brain function optically by NIR light

∆[totalHb] (µM)

IR light can propagate in brains
up to 5…6 cm
Measures changes in:
-cerebral blood flow and volume
-oxygenation of blood
-neurovascular coupling
-circulatory response to stimuli
-neuronal response to stimuli?
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Tissue

Venous blood

Arterial blood

Time

AC

DC

Measuring cerebral blood volume and oxygenation by NIRS (Near IR Spectroscopy)
Same principle as in pulse oximetry, BUT since pulsation in brain is weak, usually only
DC component is utilized.
“High end”: NIRS optical tomograpy, multi-channel devices using diode lasers, both
absorption and phase measurement, photon diffusion model, solving inversion
Problem. “Low-end”: Functional measurements

Near-infrared spectroscopy (NIRS) is an optical method for non-invasive monitoring of cerebral
hemodynamics. In NIRS imaging, near-infrared (NIR) light (650–950 nm) is delivered into tissue, 
and the transmitted light is detected. The overall absorption of NIR light in tissue is relatively low 
while the differences in oxyhemoglobin (HbO2) and deoxyhemoglobin (Hb) absorption are still 
detectable. As a result, the local concentration changes of HbO2 and Hb in cerebral cortex up to 
several centimeters of penetration depths can be detected non-invasively.
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INVOS  by Somanetics

Somanetics patent
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short SD long SD

How to separate signals from surface tissue (upon scull) from those of 
cortical origin?

NIRO by Hamamatsu



12

Cerebral blood flow and oxygenation

Some basic numbers about brain vs. body:

mbrain ≈ 0.02 . mbody mass

VO2brain = 0,2 . VO2body oxygen consumption

CBF = 0,12 … 0.15 . CO cerebral blood flow

OEF = VO2/DO2 = VO2/(CaO2
.CO) oxygen extraction fraction

OEFbrain = 1.33 …1.66 OERbody

OEF = 1 - (CvO2/CaO2) CvO2 lower in brain

Basic equation (again) Fick:  CBF = VO2brain/(CaO2- CvO2)

arterioles        capillaries venules

CaO2 CvO2

Cerebral tissue

For laminar flow in capillaries: ∆p = R. Q  or Q = ∆p/R (volumetric flow)

Resistance  R = 8µ/π r4     , where µ= viscosity, r= radius of the capillary vessel

Velocity of blood:  v = Q/A = Q/ π r2

Assume ∆p = constant  = CPP = MAP - ICP  or

Cerebral Perfusion Pressure = Mean Arterial Pressure - Intra Cranial Pressure

General rule : if  r  increases by x %, v will increase by 2x % and and CBF by 4x %

∆p
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OER depends on time blood cells stay in capillaries wherefrom the diffusion 
to cerebral tissue takes place:  OER           when v

Assume at onset of stimulus (e.g. waking up from asleep) VO2
then if neurovascular coupling regulates r       by 5%, DO2      by 20%

but on the other hand v       by 10%, which decreases OER and increases CvO2

(because OER = 1 - (CvO2/CaO2))

Basic cerebral IR measurement (DC-based) cannot differentiate
arterial and venous blood. According to literature around  70% of the 
signal comes from the venous blood and 30 from arterial. In addition
cerebral SaO2 follows whole body SaO2´which can be measured by
pulse oximetry. So NIRS measures basically cerebral venous
oxygenation and/or OER

Oxygen extraction fraction vs. cerebral blood flow
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Neurovascular coupling
A feedback control mechanism to regulate the balance between local 
cerebral oxygen delivery (DO2) and oxygen consumption (VO2).
Increased local neural activity will e.g. release gaseous mediator NO 
which acts as a vasodilator for capillaries by relaxing smooth 
muscles of  endothelium.

Other regulating factors
- Body temperature: CBF down by 6 … 7 % / oC decrease in T
-paCO2 : Hypocapnia (paCO2 low, hyperventilation,  CBF       )

Hypercapnia (paCO2 high, rebreathing, CBF        ) 

ISSUES:

Cerebral blood flow as function of CO2 in arterial blood
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Hypercapnia experiment (CO2 breathing)

Cerebral oxygenation changes measured by BOLD fMRI
(Brain Oxygen Level Dependent functional Magnetic Resonance Imaging)

“Initial dip”
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Slow fluctuations
in CBF: signal or
interference/noise?


