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Time course of BOLD signal

Yacoub E, 
Le TH, 
Ugurbil K, 
Hu X 
(1999) 
Magn Res 
Med 
41(3):436-41

Deoxy-Hb

CMRO2 CBV

Vel

+ +

--

Deoxy-Hb

CMRO2 CBV

Vel

+ +

--

Deoxy-Hb

CMRO2 CBV

Vel

+ +

--

Courtesy of Arno Villringer



The Problem

Neuronal Activation

Hemodynamics? ?
?

Measured Signal

Noise

?



What we observe

• Magnitude
• Location
• Parametric Manipulation
• Latency
• Fluctuations



Location

Anatomy

BOLD

Perfusion
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Magnitude
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 Breathing
Altered Air

5% CO2 (Trials 3 & 4)

12% O2 (Trials 1 & 2)

5% CO2

12% O2

Hemodynamic Stress Calibration
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Simultaneous Perfusion and BOLD imaging during 
graded visual activation and hypercapnia



Computed CMRO2 Changes
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Parametric Manipulation

Motor Cortex
Auditory Cortex
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BOLD Correlation with Neuronal Activity
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Evidence that inhibitory input 
produces increased blood flow





Divergence of spike rate and blood flow
during parallel fiber stimulation
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It gets more complicated…





?!



Flow modulation is not necessarily 
the same as BOLD modulation



Mediators of neurovascular coupling

There is not just one coupling mechanism. Mediators differ 
between brain regions

NO is a mediator in the cerebellar cortex, but only a 
permissive factor in the somatosensory cortex

Astrocytes may link synaptic activity to vascular response via 
Glutamate-induced Ca elevation and release of vasodilators at 
perivascular endfeets

Metabolic factors (adenosine, pH, lactate, CO2) may act 
posthoc for finer long-term adjustment (not much relevance for 
BOLD!?)
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Negative BOLD in carotid artery disease

Röther et al. NeuroImage 2002
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Increase in deoxy-Hb and oxy-Hb during focal seizure
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Altered neurovascular coupling: Pathology, drugs

Pathologic state / Drug Reference
Carotid occlusion Röther et al. 2002

Transient global ischemia Schmitz et al. 1998

Penumbra of cerebral ischemia Mies et al. 1993, Wolf et al. 1997

Subarachnoid hemorrhage Dreier et al. 2000

Trauma Richards et al. 2001

Epilepsy Fink et al. 1996, Brühl et al. 1998, von 
Pannwitz et al. 2002

Alzheimer´s disease Hock et al. 1996, Niwa et al. 2000

Theophylline Ko et al. 1990, Dirnagl et al. 1994

Scopolamine Tsukada et al. 1998
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BOLD correlates with de-synchronization of MEG signal …







Latency and Width
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Baseline Modulation…





low frequency autocorrelation mapconventional BOLD map
B. Biswal et al., MRM, 34:537 (1995)

Resting State Fluctuations



Amygdala

Sympathetic Nervous System

The Skin Conductance Response (SCR)

Ventromedial PFC

Hypothalamus

Resistance change across 
two electrodes induced 
by changes in sweating.

Sweat Gland
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Brain activity correlated with SCR during “Rest”
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