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Target audience 
Researchers and clinicians with an interest in neuroimaging, BOLD fMRI, resting state fMRI or brain connectivity  
Purpose 
Resting state fMRI is a modality of rapidly growing interest that has great potential to assess networks in the brain. However, the source and the 
functional organization of the resting state networks are only partly understood. Previously, LFP recordings have been correlated with resting state fMRI1 
to provide additional information on the underlying neuronal activity. One basic phenomenon of neuronal information processing is the oscillation of 
neuronal populations between two defined states: an up- and a down-state. If the transitions happen with a frequency between 1 and 0.1 Hz the brain 
state is termed slow oscillations. Here, we investigate the BOLD correlate of locally detected spontaneous cortical and thalamic slow oscillations in rats. 
Methods 
Simultaneous BOLD fMRI and fiber-based optical recordings of Ca2+ using the fluorescent Ca2+ sensitive dye Oregon Green 488 BAPTA-1 (OGB-1) 
were performed in female Fisher rats. OGB-1 was injected either into the primary somatosensory cortex (n = 5) or into the posterior thalamic nucleus (n 
= 9). A multimode optical fiber with a diameter of 200 μm was led through a custom-built RF surface coil and implanted into to the OGB-1 stained area. 
Experiments were carried out under isoflurane in a 9.4 T small animal scanner. Moderate isoflurane levels were used to achieve a stable oscillatory 
state. T2

*-weighted images were acquired with a single-shot GE-EPI sequence (TR 1 s, TE 18 ms. spatial resolution 350 x 325 μm², slice thickness 1.2 
mm, 16 contiguous slices, total acquisition time 30-60 min). Ca2+-dependent fluorescence was recorded simultaneously. Ca2+ data were low-pass 
filtered and up-states were determined by threshold segmentation. MR images were motion-corrected and spatially filtered with a Gaussian kernel of 0.5 
mm. The onset times and durations of the up-states were used for an event-related design analysis in SPM. Resulting t-score maps were corrected for 
multiple comparisons (FWE, p < 0.05), and superimposed on mean EPI images. 
 
Results 
Isoflurane levels between 1.4 and 1.9 % 
resulted in a stable oscillatory state with 6 
to 24 up/down-state transitions per min. 
Both in cortex and in thalamus, Ca2+-
recordings could be acquired, showing 
characteristic up-states. Exemplary Ca2+ 
traces of spontaneous slow oscillations in 
Up/Down state (blue) and up-states 
detected by threshold segmentation (black) 
are shown, recorded in somatosensory 
cortex (A) and in thalamus (B). fMRI 
analysis resulted in a BOLD response 
correlated to the cortical up-states (C), 
spanning the entire cortex (in 4 experiments 
from 3 animals). Analysis of the thalamic 
up-states also showed BOLD activation (D) 
spanning the entire cortex (in 4 experiments 
from 4 animals). 3D surface rendering 
visualizes the size of the activated area 
(yellow) in the cortex based on cortical (E) 
or thalamic Ca2+ recordings (F), 
respectively.  
Discussion 
We analyzed BOLD fMRI at rest, but in contrast to performing resting state fMRI by correlating slow fluctuations of the BOLD signal over the brain, we 
correlated the BOLD signal to a specific neuronal population signal, using localized optical Ca2+-recordings in a specific brain state, reflecting transitions 
between neuronal up- and down-state. We found that up-states are followed by a positive BOLD signal that covers the whole cortex for up-states 
recorded cortex as well as in thalamus. Similar activation patterns have previously been found in resting-state fMRI under moderate levels of isoflurane1.  
Conclusion  
The combination of fMRI at rest with a direct neuronal readout may help to identify the origin of resting state modes and to understand which 
neurophysiological processes lead to the various spatial patterns that are identified by resting-state fMRI. Together with fast fMRI techniques3 this 
method may allow for identifying the source of slow oscillations and thus provide new insights into functional organization of the brain. 
References 
1Pan et. al., Neuroimage (2013); 74: 288–297. 
2Liu X et. al., Brain Topogr (2013); 26:363–377 
3Yu X et. al., Nature Methods (2014); 11:55–58 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    2113.


