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Abstract 

It is now possible to perform resections of slow-
growing tumors in awake patients. Using direct 
electrical stimulation (DES), real-time functional 
mapping of the brain can be used to prevent the 
resection of essential areas near the tumor. For now, 
simple clinical tests are performed on conscious 
patients and combined with DES in order to 
discriminate functional and non-functional areas 
invaded by the tumors. In this work we try to develop a 
simple device based on a simple technology to better 
quantify the performances of the patients during the 
surgery itself and give a real-time feedback to the 
neurosurgeon that will help to further guide the 
surgery by improving the sensibility of the functional 
mapping. This procedure should also allow building a
strong database that should serve retrospectively to 
improve the surgical procedure and reinforce the 

experience as well as to monitor the 
life. 

1. Awake surgery of low-grade gliomas: 
clinical aspects. 

-grade 
gliomas) are slow-growing tumors of the CNS. They 
progress slowly (4 mm per year on average [1]) for 7 8
years, before undergoing anaplastic transformation.
During this slow progression, most LGG patients 
exhibit normal clinical exam results [2], although mild 
cognitive disorders can be detected by extensive 
assessments [3]. LGG resection is subject to two 

constraints: (i) removing as much of the invaded tissue 
as possible and (ii) minimizing functional sequelae. 
During surgical resections, the use of direct electrical 
stimulation (DES) is widely advocated for functional 
mapping. This technique causes a transient virtual 
lesion, allowing the structures that are essential to the 
function to be identified and preserved at each stage of 
the resection. The rules guiding this approach are 
simple: any reproducible functional disturbance 
induced by DES indicates interruption of the resection 
([4], Figure 1). This technique has proved to be 
effective and more than 90% of the patients return to 
normal socio-professional life, with no functional 
deficit, usually three months after the surgery [5] 
(Figure 2).

Figure 1. Awake surgery consists in removing tumoral (non-
functional) tissue when the patient is conscious and is performing 
some clinical tests (left panel). On the other side of the operatory 
field (right panel) the neurosurgeon performs functional mapping of 
the brain using DES and clinical observations given by the speech 
therapist or the psychologist. 
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Figure 2. Functional deficits measured on global neurological and 
rating scales as a percentage of the patient population following a 
stroke (dark grey) or a slow-growing tumoural invasion (black: LGG 
patients prior to resection; light-grey: LGG patients 3 months after 
resection).  

In the context of slow-growing injuries, brain 
reorganization is considerably increased than after 
acute lesions. The recruitment of remote brain areas in 
the ipsi- and contralesional hemispheres is much more 
efficient. Thus, the contrasting recoveries and plastic 
processes associated with the two types of lesion offer 
interesting insights that may help understanding brain 
plasticity [4,6-8]. For slow-growing tumors, the 
impressive reorganization capacity of the brain allows 
the subjects to recover much substantially [4,6,7,9].
Some very basic clinical observations indicate that in 
some cases patients could recover substantially within 
a single day [10-14]. However, the kinetics of this 
recovery have not been sufficiently described. Clinical 
observations reported are at single time points and 
most are based on global neurological and rating 
scales. 
By contrast, when psychophysical tests are performed 
on these patients they reveal slight impairments. For 
instance, awake surgery allows efficient functional 
recovery but suggests major brain reorganizations 
which may be accompanied by some slight 
impairments in particular functional asymmetries 
between both hemispheres. More particularly, when 
simple uni and bimanual reaction times (RTs) are 
compared in a postoperative session after resection in 
parietal regions (Figure 3), simple RTs revealed 
functional asymmetries. In particular, longer RTs were 
observed for the contralesional compared to the 
ipsilesional hand in the unimanual condition (Figure 
4). This asymmetry was reversed for the bimanual 
condition despite longer RTs. These results are in
accordance with changes in brain dynamics, especially
between the two hemispheres. In conclusion, it 
suggests that reaction time paradigms are useful in 
these patients to monitor functional deficits and to 

understand brain (re)organization following slow-
growing lesions and awake surgeries. 

Figure 3. Pre-operative FLAIR-weighted axial and post-operative 
T1-weighted sagittal MRI for patient P1 (left panel), pre- and
postoperative FLAIR-weighted axial MRI for P2 (middle panel) and 
pre-operative T2-weighted axial and post-operative FLAIR-weighted 
axial MRI for P3 (right panel), showing an invasion (upper row) and 
a resection (lower row) of the parietal lobe. Neurological 
conventions (only for this figure). 

Figure 4. Mean RTs and standard deviation (vertical lines) for the 
right and left hands in the two unimanual  and the bimanual 
conditions, for P1, P2, P3 and the control group. 
In order to better identify functional areas and track 
functional plasticity in these patients, one solution 
could be to improve the sensibility of the functional 
tests that are performed before, during and after the 
surgery. In consequence, we try to develop a simple 
device based on a simple technology to better quantify 
the performances of the patients during the surgery 
itself and give a real-time feedback to the 
neurosurgeon that will help to further guide the surgery 
by improving the sensibility of the functional mapping. 

2. Improving per-operatory testing: 
simple technical solutions. 

2.1 Mechanical aspects. 
In order to perform functional tests during awake 

surgeries, we built an ambulatory platform allowing to 
be displaced within the surgical room and nearly from 
the patient. On this platform, a tactile screen was 
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mounted to present various stimuli to the patient and 
On the other side of the 

operatory field, in order to give real time feedback 
osurgeon and to pilot 

the functional tests, a second tactile screen was also 

Both screens were connected to a central unit and a 
toolbox also allowed to connect some others electronic 
devices, to record behavioral responses or 
electrophysiological signals (all analogical). 
Importantly, the device is connected to the DES of the 
neurosurgeon in order to synchronize the stimuli and 

Figure 5. Simplified architecture of the prototype in the context of 
the surgery room. Interfaces for the Neurosurgeon/Experimentator 
and for the Patient are shown, as well as the electronic toolbox, all 
connected to the central unit. Note that DES is not illustrated here, 
but is also integrated in the whole system and connected to 
synchronize all signals with it. 

Figure 6. Pictures of the various parts of the whole device (the 
stimulator used by the neurosurgeon is not shown but replaced here 
by another similar device). 
2.2 Hardware. 
All devices are connected to a toolbox including an 
acquisition card which is a bus-powered isolated USB 
multifunction data acquisition. It allows managing the 
input and output of all devices used, and provided an 
isolation CAT I of 60V for a precision and an 

increased safety. The toolbox is connected directly to 
the PC via an isolator of USB type. All the provisions 
are taken into account to ensure the safety of the 
patient during electric stimulations: all devices are 
electrically isolated from each other. The stimulator 
itself is electrically isolated. 
During the stimulation of the central and peripheral 
nervous system, the stimulator continuously displays 
the current delivered and the measured impedance of 
the current circuit. A TTL signal allowed 
synchronizing the stimulator with the testing platform.
Others devices have been developed by our own such 
as for instance, a haptic glove in order to evaluate the 
interaction between the 
The aim here is to detect when the patients tighten or 
slacken the object and to identify precisely hand 
functional areas when the tumor to be removed is 
located near the primary motor or sensory areas. 
2.3 Software. 
The software is programmed in C++. The 
neurosurgeon/experimenter interface is built to pilot 
the task and to give a real time feed-back to the 
neurosurgeon about the time of presentation of the 
different events allowing for the neurosurgeon to 
trigger the DES in function of these events. The patient 
interface presents various stimuli in function of the 
task to be performed. Tasks are selected for their 
sensibility and in function of the location of the tumors 
to increase the sensibility of the functional mapping. 
The temporal precision is estimated to a few 
milliseconds. P
some reference data to determine whether the 
responses are normal or erroneous. All responses are 
recorded in a database, easy to export in usual 
statistical softwares allowing an off-line analysis. 

3. Conclusions. 
This project aims to be able to use psychophysical and 
neuropsychological paradigms in the surgery room in 
combination with a simple and modern technology to 
improve the sensibility and the quality of brain 
functional mapping. This effort is clearly not 
independent from the building of selected tasks that are 
and will be developed. They could be inspired from the 
scientific literature, with a clear focus on their 
sensibility. As such they should help the neurosurgeon 
to make a decision regarding surgical choices. Another, 
point that should be addressed is about the 
specification of the DES parameters which are 
empirically used for now. Indeed, it should be 
interesting to investigate various forms of electrical 
currents and determine the most efficient ones in brain
functional mapping. Answers to this question are still 
open.  

Toolbox: connexions 
with press-buttons, 
microphone, EMG, 
stimulators, joysticks, 

Patient Interface: tactile 
screen orientation is possible 
for all the degrees of 
freedom

Central Unit

Visual and tactile Interface for 
the 
Neurosurgeon/experimentator:

Tactile screen with real-time 

performances
With a chronograph to trigger 

the DES at the right moment 
(version1)

DES should be also triggered 
automatically (version2)

NB: 2 others mechanical solutions are also developped
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