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Background
-Cardiovascular measures including ICG (Impedance Cardiography), 

ECG, BP are useful tool for studying psychological states
-Here we present the hardware and methods necessary for the simultaneous 

collection and analysis of ICG and ECG during fMRI experiments

ICG signal can be used to determine pre-ejection period (PEP) and stroke

volume (SV). These index ventricular contractility and the volume of blood

ejected at each heartbeat. PEP is influenced by the central nervous system. 
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Cardiovascular Recordings

Cardiovascular Analysis

Time-varying PEP and SV were calculated by 

moving ensemble average. Values interpolated 

linearly to match image acquisitions. 

A common observation in neuroimaging as that individual activation maps can be very different from

the group result.  One potential explanation for this is differences in motivational state during the 

experiment.  This system of 10 electrodes can be used for both physiological noise estimation and

modelling of autonomic state over time. Future experiments should assess the relationship between

cardiovascular state, brain activity and behavior. 

Classical implementations of RETROICOR assume that the same volume of blood is ejected at each

beat, whereas the model for respiration takes into account breath magnitude. Beat-by-beat stroke

volume could potentially be used to improve artefact removal.

A limitation of the current analysis is that BOLD is correlated with instantaneous PEP and SV. A more

elegant approach would be to test for causality between signals.  Which parts of the brain predict 

changes in cardiovascular state and which parts respond to changes?

    

A major concern when relating cardiovascular state to BOLD is whether 

blood-flow or respiration are correlated. To test this we computed 

physiological nuisance regressors using RETROICOR.  The base impedance

timeseries acts as a respiration signal when low pass filtered. Our RETROICOR

model included the following Fourier expansions: 2nd order cardiac phase,

3rd order respiratory phase, 2nd order cardiac/respiratory interaction.   
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Artefact Removal

No significant correlation was observed between the

RETROICOR regressors and PEP or SV

Results

- Central control over autonomic processes can be statistically examined  

MRI Acquisition
- BOLD acquired in coronal slices with a multiband factor 4, voxel size of 3mm

and TR of 800msec on a 3T Siemens Prisma scanner

- Subjects solved difficult modular arithmetic and simple math problems with

12-18 seconds rest between each problem.
- One 7-12 minute fMRI scan was acquired per subject.
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Pre-Ejection Period correlates with bilateral frontal operculum and right 

superior pre-frontal gyrus. 

Due to the small sample size, the average T-map is shown thresholded at t >3.0.  

Stroke Volume: Group result

Stroke Volume: Single Subject

Default mode regions and bilateral

superior temporal gyrii correlate with

stroke volume. We also see left

primary motor cortex and motor

cingulate.

Single-subject analysis showed

stroke volume correlated with nearly the entire

motor system.  This result requires further 

investigation. 


