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Editorial

Shedding Near-Infrared Light

on Brain Networks
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EDITORIAL

Near-infrared spectroscopy is a novel and promising
technology for cost effective and noninvasive brain imaging in
research and clinical practice. Utilizing the fact that near-infrared
light is mostly absorbed by tissue hemoglobin, one can measure
the intensity of light scattered and reflected by tissue (e.g., brain)
to track local changes in hemoglobin concentrations within
cortical layers (near-infrared spectroscopy, NIRS). Moreover,
with multiple source-detector pairs, one can perform spatial
reconstruction of an activation map for both oxygenated (HbO)
and de-oxygenated forms of hemoglobin (in this case, the term
‘Diffuse Optical Tomography’ is used). Conceptually, NIRS detects
hemodynamic modulations as an indirect measure of neuronal
activity similar to the blood oxygen level dependent (BOLD)
functional magnetic resonance imaging (fMRI) signal. Although
spatial resolution of NIRS is lower than that of fMRI (about 1
cm), NIRS provides an imaging method with excellent temporal
resolution (up to a few ms as found in electrophysiological
methods such as EEG and MEG). Moreover, its low cost,
portability and the ease of use make it ideally suitable for those
subject and patient populations which are not easily amenable
to the gold-standard imaging techniques of fMRI and positron
emission tomography (PET). The modern NIRS instruments
provide high density multi-channel recordings which allow for
larger coverage of the head and it becomes possible to measure
not only brain activation but also dynamic interactions between
the brain areas. Those interactions can be assessed through
temporal correlations of optical signals simultaneously recorded
from multiple brain regions and thus a NIRS-based ‘functional
connectivity’ similar to the functional connectivity measured by
the fMRI BOLD signal [1] can be derived.

Recently, the brain imaging field has observed the exponential
growth of studies concerning functional connectivity of the brain.
Functional connectivity suggests new tools for the assessment of
cognitive functions and for the study of functional architecture
of the brain during task performance and the resting state. Since
the pioneering study by [2] has provided the first evidence that
resting state networks reflect interactions in cognitively relevant
functional networks [2] and from the multitude of other fMRI
studies, it becomes evident that functional architecture of the
brain is relatively stable across different functional states from
rest to various cognitive tasks.

With the advent of NIRS technology, it has been demonstrated
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that NIRS can also detect spontaneous hemodynamic fluctuations
in the brain [3-5]. However, due to relatively small head coverage
in the early NIRS instruments and the lack of standardized
methods of analysis, the studies of functional connectivity
based on optical hemodynamic signals have been limited.
Nevertheless, several groups have reported the use of NIRS to
measure functionally relevant correlations within spontaneous
fluctuations of hemodynamic signals to assess regional functional
connectivity [6-10].

One of the interesting questions about functional connectivity
is its distribution across hemispheres and whether it has any
hemispheric asymmetry. Hemispheric asymmetry is a well-
established phenomenon and can be easily demonstrated in the
context of specific behavioral (sensory, cognitive and motor)
tasks. Hemisphericasymmetry has a clear hemodynamic correlate
usually measured by BOLD fMRI, which is greater activation of the
dominant hemisphere during relevant tasks. The best example
is the dominance and greater activation of the left hemisphere
during language related tasks in the absolute majority of right-
handed people. Hemispheric asymmetry regarding functional
connectivity has not been studied in a consistent way and the data
are sparse for both active and resting states. There are only a few
imaging studies addressing the laterality of connectivity. In one
of the first studies [11], laterality was measured from intrinsic
on-going brain activity during passive fixation (this is one of
the ‘eyes open’ variants of the resting state). The authors found
both leftward and rightward regional laterality across different
brain systems and the degree of asymmetry was dependent on
multiple factors including gender. Overall, the brain asymmetry
appeared to be more pronounced in males than in females [11]. In
particular, this study demonstrated that the inferior frontal gyrus
had rightward laterality among some other brain regions [11].
The greater resting state connectivity in the cognitive division of
the right-hemispheric anterior cingulate cortex in right-handed
participants during resting state was also demonstrated by Yan
etal. [12].

Resting state functional connectivity of the default mode
network in both right- and left-handed groups of subjects was
studied by Saenger et al. [13]. They found various degrees of
asymmetry (either leftward or rightward) in different brain
regions. In particular, they found a rightward greater connectivity
in the middle frontal and middle/superior temporal gyri in
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the right-handed subjects. Importantly, despite the observed
rightward asymmetries of functional connectivity, this study did
not find similar hemispheric differences in gray matter volume
(measured by voxel-based morphometry). This finding again
emphasizes the fact that functional connectivity is not identical
to structural connectivity and therefore the former provides
additional information on the functional architecture of the brain
which cannot be inferred from anatomical measurements.

In a recent study, Tomasi and Volkow have developed a new
method of ‘functional connectivity density mapping’ and applied
it in the study of laterality for both short-range (implicated
in functional specialization) and long-range (implicated in
functional integration) connectivity [14]. Rightward laterality of
short-range connectivity was found in the areas around the lateral
sulcus. The results for long-range connectivity were mixed with
the rightward laterality in lateral sulcus and leftward lateralized
in inferior prefrontal cortex and angular gyrus. The authors have
also found moderate effects of gender on connectivity in that the
males had greater rightward lateralization of brain connectivity
in superior temporal and inferior frontal cortex.

Functional asymmetry has also been studied by
electrophysiological methods. Although these methods have
lower spatial resolution compared to fMRI, source reconstruction
techniques can still delineate functional networks on the sub-
lobar scale (i.e., within specific anatomical lobes). One of the early
studies based on surface EEG coherence found higher right versus
left hemispheric coherence [15]. This result was confirmed later
by [16] who used current source correlations derived from the
resting state EEG with source imaging LORETA software. They
found higher intrahemispheric source correlations in the right
compared to the left hemisphere [16].

Thus, both brain imaging and electrophysiological studies
provide evidence that functional connectivity is higher in the
right hemisphere. These results can be discussed in the context
of anatomical differences between hemispheres. As discussed by
[16], the architecture of the left hemisphere favors more local
processing whereas the right hemisphere is better wired for the
integration of information across distant regions [16]. Overall, the
anatomical and functional data provide the basis for the existing
view initially suggested by [17], that the left hemisphere is more
involved in analytical and sequential processing while the right
hemisphere is more involved in the integration and synthesis of
multimodal information [17].

In our recent study, we analyzed functional connectivity and
its hemispheric asymmetry using NIRS and measuring coherence
of optical signals atlow frequencies (0.01-0.1 Hz) in the prefrontal
cortex in healthy subjects at rest [18]. Connectivity matrices
showed specific patterns of connectivity which was higher within
each anatomical region (inferior frontal gyrus, IFG and middle
frontal gyrus, MFG) and between hemispheres (e.g., left [FG <->
right IFG) than between IFG and MFG in the same hemisphere.
Laterality indexes were calculated as t-values for the ‘left >
right’ comparisons of intrinsic connectivity. Significantly higher
connectivity in the right hemisphere was demonstrated in all
subjects regardless of handedness. Moreover, Granger Causality
between hemispheres revealed a greater flow of information from
the right to the left hemisphere than in the opposite way. These

results suggest that the left hemisphere is more ‘controlled’ by
the right hemisphere in the resting state. This finding raises some
intriguing questions.

First, it should be noted that during the resting state subjects
fall asleep quite often experiencing brief episodes of nap (this was
confirmed in the current study by the analysis of concurrently
recorded EEG where sleep spindles were occasionally noticed
thus indicating NREM sleep stages 1-2). Does this mean that
during sleep-like states the right hemisphere plays a more active
role? If so, the proactive role of the right hemisphere may point
to its involvement in information processing usually associated
with sleep such as re-evaluation, post-processing, classifying
and storing of previously acquired information. These processes
are thought to eventually lead to the consolidation of new
information into long-term memories.

Asdiscussed above, theanatomical and functional architecture
of the right hemisphere may favor such ‘consolidating’ and
‘house-keeping’ roles because the right-hemispheric connectivity
is broader compared to the left hemisphere and spans across
different modalities thus facilitating the formation of associative
memories. The relative roles of both hemispheres in the resting
state and sleep-related processes are yet unknown but the recent
findings on hemispheric asymmetry of functional connectivity
encourage further studies of the role of both hemispheres in
different functional states of the brain.
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