
  

Andrea Duggento1, Marta Bianciardi2, Lawrence L. Wald2, 
Luca Passamonti3, Maria Guerrisi1, Riccardo Barbieri4,5, Nicola Toschi1,2

1. Medical Physics Section, Department of Biomedicine and Prevention,  University of Rome “Tor Vergata”, Rome.
2. Department of Radiology, A.A. Martinos Center for Biomedical Imaging, MGH and Harvard Medical School, Boston,USA

3. Institute of Bioimaging and Molecular Physiology, National Research Council, Catanzaro, Italy
4. Department of Anesthesia and Critical Care, Massachusetts General Hospital, Boston, MA, USA

5. Department of Brain and Cognitive Science, Massachusetts Institute of Technology, Cambridge, MA, USA 

Globally conditioned causality in estimating 
directed brain-heart interactions through 

joint MRI and RR series analysis
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7T fMRI with physiological signals

● Nine healthy volunteers (age 28 ± 3)

• 7 Tesla MRI with simultaneous physiological signal 
acquisition (1 kHz sampling of cardiac pulsations)

• Single-shot 2D EPI readout

•  TR =1.5 s, Voxel 1.8 mm3, whole brain coverage 
which minimized aliasing in ANS frequency bands

• Slice timing, motion correction, co-registration to MNI 
space, physiological noise correction (high-pass filtering at 
0.01Hz and removal of 2nd ord. RETROICOR regressors)

• Average BOLD signal extracted in 117 regions of interest 
(ROIs) with the Automated Anatomical Labeling (AAL) atlas. 



  

   Challenges in fMRI ANS causality→

• SNR in fMRI,
time-resolution

• Time-varying signal 
of ANS activity

• High redundancy 
in brain signals

7T fMRI with physiological signals

● Nine healthy volunteers (age 28 ± 3)

• 7 Tesla MRI with simultaneous physiological signal 
acquisition (1 kHz sampling of cardiac pulsations)

• Single-shot 2D EPI readout

•  TR =1.5 s, Voxel 1.8 mm3, whole brain coverage 
which minimized aliasing in ANS frequency bands

• Slice timing, motion correction, co-registration to MNI 
space, physiological noise correction (high-pass filtering at 
0.01Hz and removal of 2nd ord. RETROICOR regressors)

• Average BOLD signal extracted in 117 regions of interest 
(ROIs) with the Automated Anatomical Labeling (AAL) atlas. 



  

   Challenges in fMRI ANS causality→

• SNR in fMRI,
time-resolution

• Time-varying signal 
of ANS activity

• High redundancy 
in brain signals

7T fMRI with physiological signals

● Nine healthy volunteers (age 28 ± 3)

• 7 Tesla MRI with simultaneous physiological signal 
acquisition (1 kHz sampling of cardiac pulsations)

• Single-shot 2D EPI readout

•  TR =1.5 s, Voxel 1.8 mm3, whole brain coverage 
which minimized aliasing in ANS frequency bands

• Slice timing, motion correction, co-registration to MNI 
space, physiological noise correction (high-pass filtering at 
0.01Hz and removal of 2nd ord. RETROICOR regressors)

• Average BOLD signal extracted in 117 regions of interest 
(ROIs) with the Automated Anatomical Labeling (AAL) atlas. 



  

   Challenges in fMRI ANS causality→

• SNR in fMRI,
time-resolution

• Time-varying signal 
of ANS activity

• High redundancy 
in brain signals



  

   Challenges in fMRI ANS causality→

• SNR in fMRI,
time-resolution

• Time-varying signal 
of ANS activity

• High redundancy 
in brain signals

• Probability of next R-wave:

• Model RR interval:

• Maximum likelihood estimation

• Time varying estimation of;
 - HF (parasimpathetic)
 - LF (sympathetic + parasympathetic)
 - Symapthovagal balance (LF/HF)
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   Globally Conditioned Granger Causality

The group-wise statistics

∀ i,j

Group-wise median tested again median of F-distrib  
(no assumptions about the simmetry of sample distribution)

#sub.
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● High SNR and SMS multiband enable GC applications 
in joint fMRI ANS studies

● Globally conditioned GC successfully disentangles high 
redundancy between locally aggregated brain signals. 

● We show novel, directed brain-heart interaction 
which can be interpreted in terms of central 
modulation of ANS outflow 

               Conclusions
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Thank you!


