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Abstract: We present the methodology for the intraoperative identification of resting state
networks using RGB imaging. The results show a good correlation between the resting state
and the brain areas identified by electrical brain stimulation. © 2021 The Author(s)

1. Introduction

Non invasive functional brain mapping is an imaging technique used to localize the functional areas of the
patient brain. This technique is used during brain tumor resection surgery to indicate to the neurosurgeon the
cortical tissues which should not be removed without cognitive impairment. Functional magnetic resonance
imaging (fMRI) [1] is widely used to localize patient functional areas. However, after patient craniotomy, a brain
shift invalidates the relevance of neuronavigation to intraoperatively localize the functional areas of the patient
brain [2]. In order to prevent any localization error, intraoperative MRI has been suggested but it complicates the
surgery gesture which makes it rarely used. For these reasons, Electrical brain stimulation (EBS) [3] is preferred
during neurosurgery, but this technique is mainly limited by its low spatial resolution and has the potential
risk to trigger epileptic seizures. Optical imaging provides an ideal solution for intraoperative functional brain
mapping because the analysis of the light absorption allows to monitor the brain activity with quantification of
the concentration changes in oxy- (∆CHbO2 ) and deoxygenated hemoglobin (∆CHb) in brain cortex [4].

As opposed to functional task-based analyses, resting state functional connectivity aims to identify the low
frequency cerebral hemodynamic fluctuations (< 0.1Hz) that reflect the patient neuronal activity at rest and that
are linked to resting state networks [5]. These fluctuations can occur in the absence of a task, and are often
correlated between functionally related areas. Resting state functional connectivity is an emerging technique of
public health because it allows the identification of functional brain areas without patient intervention and can
potentially be used under general anesthesia.

In these works we demonstrate that optical resting state can be implemented intraoperatively using the seed
correlation and independent component analysis methods and that we retrieve the motor brain areas identified by
the electrical brain stimulation and optical task-based analysis. These results could have the potential to reduce
the duration of surgical operations while improving patient and neurosurgeon comfort.

2. Material and methods

2.1. Experimental Setup

The wide field optical device employed in this study is presented in Fig. 1 and described in Ref [4]. This device
is composed of a RGB camera (BASLER acA2000-165uc) in conjunction with an Edmund Optics camera lens
( f = 50mm f/2− f/22), a continuous wave white light source (OSRAM Classic 116W 230V light bulb) and a
laptop (processor: Intel Core i5-7200U, 2.50GHz × 4, ram: 15.3GiB). The camera provided 8 bits RGB images
every 33ms.



Fig. 1. Schematic of the imaging system.

2.2. Patient Inclusion and Experimental Paradigm

The study was conducted at the neurologic center of the Pierre Wertheimer hospital in Bron, France. A patient
presenting a tumor close to the motor cortex area was included in the study and was under general anesthesia.
Two different videos were acquired after patient craniotomy and before brain tumor resection operation: a 2 min
acquisition during patient rest and a 2 min acquisition during a functional stimulation of the patient motor cortex.
The stimulation of the cortex was achieved by two 20s periods of repetitive right fist clenching separated by rest
periods (performed by an external person). After the acquisitions, the neurosurgeon operated EBS to localize the
patient’s brain motor area.

2.3. Functional analyses

Once the two videos were acquired, the quantitative model described in Ref [4] was applied to obtain ∆CHb and
∆CHbO2 time courses for each camera pixel. For the video acquired with the patient at rest, two resting state
analyses were computed to identify the patient’s brain motor area: the seed correlation [6] and the independent
components analyses (ICA) [7]. For the video acquired during a functional stimulation of the patient motor cortex,
the patient’s brain motor area was identified by calculating the Pearson correlation coefficient between the con-
centration time courses and the expected hemodynamic response [4]. The resting state and task-based results were
compared to the EBS identification. The resting state analyses were compared to the task-based analysis using the
Pearson correlation coefficient.

3. Results and discussion

In Fig. 2, the first image of the video sequence is represented in image (a). In image (b), the Pearson correlation
coefficient computed between the ∆CHb time courses and the expected hemodynamic response are plotted (task-
based analysis). In image (c), the Pearson correlation coefficient computed between the ∆CHb time courses and
those computed at the level of the seed are represented. In image (d), the normalized spatial distribution of ∆CHb
fluctuations identified by the ICA analysis are plotted. The spatial patterns (high values) in images (b), (c) and (d)
correspond to the motor area identified by EBS (letter M). The images obtained with the resting state analyses
correspond to the image obtained with the task-based analysis. The Pearson correlation coefficient computed
between images (b) and (c) is 0.47 and the one computed between images (b) and (d) is 0.46.



Fig. 2. (a) First image of the video sequence. (b) ∆CHb task-based analysis. (c) ∆CHb seed-based
resting state analysis (the seed is indicated by the white spot). (d) Spatial distribution of ∆CHb fluc-
tuations identified by the ICA resting state analysis. In these images, the white spot and the letter M
indicate the motor area identified by electrical brain stimulation. The dotted white circle delimits the
patient’s tumor. The colorbar represents the range of variation of the Pearson correlation coefficient
in images (b) and (c) and the normalized spatial ∆CHb fluctuations in image (d).

4. Conclusion

In this study, we present the methodology for the identification of resting state networks using RGB imaging during
neurosurgery. The detection of functional brain areas using the resting state seed and ICA analyses present a strong
similarity with the ones identified with a task-based analysis. These areas also correspond to the identification
provided by electrical brain stimulation. The current work demonstrates that an RGB camera combined with a
quantitative modeling of brain hemodynamics biomarkers could evaluate in a robust way the functional areas
during patient rest and before a brain tumor resection operation. This strengthens the relevance of using a classical
RGB camera for functional intraoperative brain imaging.
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