
                                         
                                     

                       

                                              
         
(Non-) invasive mapping of cortical language areas
                                              
                                                                                                                
                         
The precise localization of eloquent cortex is crucial for
planning the extent and exact location of cortical resection in
neurosurgical settings. While all brain areas are of functional
importance, the term ‘‘eloquent” brain region refers to structures
where damage can result in severe neurological symptoms that
significantly affect the patient’s functional outcome and quality
of life. Presurgical functional mapping has become an essential tool
to avoid neurological impairment after surgical resection in
patients with focal epilepsy or resectable tumors. Nowadays, corti-
cal stimulation mapping (CSM) represents the gold standard for
intraoperative mapping of brain functions (Giussani et al., 2010).
Well in advance of CSM, electrocorticography (EcoG), can be
directly recorded from the exposed areas of the cortex affording
a very good temporal and spatial resolution of the signal. However,
both CSM and EcoG have several drawbacks, including the
invasiveness of the procedure, the relatively long time required
for mapping and the prerequisite of the patient’s cooperation.
Consequently, non-invasive alternatives such as functional MRI,
magnetoencephalography, transcranial magnetic stimulation
(TMS) or electroencephalography are increasingly being applied
in clinical settings to map motor or language functions and assist
preoperative planning (Picht, 2014; Picht et al., 2015). While these
techniques cannot replace intraoperative CSM, some of themmight
reduce the number of invasive diagnostic measures prior to treat-
ment and help to better stratify patients for intraoperative cortical
mapping (Binder et al., 1996; Roux et al., 2003).

Among these methods, fMRI and TMS are relatively well estab-
lished for presurgical mapping of motor functions (e.g. (Krieg et al.,
2012; Picht et al., 2015)), while their reliability and accuracy for
language mapping remains unclear (Tarapore et al., 2013; Krieg
et al., 2014; Picht, 2014). Since language is a complex process that
involves different networks for various sub-functions (e.g., phono-
logical, semantic and syntactic processes), robust identification of
critical areas might require the application of various paradigms
that cover different linguistic aspects (e.g., verb generation, picture
naming, sentence processing) (Rutten et al., 2002). Moreover,
reliable localization of core language regions is complicated by
the fact that there are no reliable morphological landmarks for
cortical language areas. Consequently, future studies with large
patient cohorts and comparable designs are required. In this
context, TMS might be more comparable to CSM than fMRI as
the former techniques share similar mechanisms. TMS has previ-
ously been used to assess causality of structure–function relation-
ships by transiently disrupting task-related activity in the healthy
language system (Devlin and Watkins, 2007; Hartwigsen, 2015).
A small number of studies also used TMS-based language mapping
in tumor patients or epileptic surgery candidates (see Picht, 2014
for review). However, optimal stimulation parameters still remain
to be determined (i.e., timing of the onset of the TMS pulses,
frequency and duration of TMS bursts as well as stimulation inten-
sity) (Tarapore et al., 2013; Krieg et al., 2014). Hence, chronometric
approaches in healthy subjects might guide future preoperative
applications with respect to TMS mapping over different areas at
various time points during linguistic tasks.

Electrocorticography has the potential to be an important inva-
sive tool to longitudinally increase the temporal window of the
mapping procedure. With its help, region- and task-specific
changes in electrophysiological activity can be recorded and ana-
lyzed in and optimal temporal and frequency domain. An increase
of power in a specific frequency domain can for instance be consid-
ered as a read-out parameter during a task for functional mapping
(Crone et al., 2006; Bauer et al., 2013). Further methods to analyze
ECoG signals are time frequency analyses (Mitra and Pesaran,
1999) and spatial activation maps interpolated on individual MRI
(Taimouri et al., 2014). Other functional modalities with a similar
temporal and frequency resolution like EEG and MEG necessitate
complex inverse solutions to deliver a good spatial mapping of
the identified sources during a particular task and have not been
widely implemented in preoperative testing (Muthuraman et al.,
2012, 2014).

A way forward for an optimal mapping procedure would be the
integration of multimodal information that can be applied to
improve the accuracy of preoperative planning and facilitate deci-
sion making during surgical resections. Since different mapping
techniques provide complementary information (e.g., fMRI: spatial
resolution in millimeter range; TMS and EcoG: temporal resolution
in milliseconds range), an integrative approach will be mostly use-
ful in the context of preoperative planning.

In this issue of Clinical Neurophysiology, Babajani-Feremi and
colleagues publish a work describing the use of CSM, ECoG, fMRI,
and TMS for language mapping in a multi-modal approach, testing
the sensitivity and specificity of each tool (Babajani-Feremi et al.,
2016). The same battery of tools was applied in each patient,
providing optimal within-subject comparability of the effects.
The authors adapted the environment of either an object-naming
task and/or a sentence-completion task and used the receiver
operating characteristic (ROC) analysis to evaluate the effect of
variation of the threshold of significance level between the modal-
ities, finally calculating the Euclidean distance to test the methods
quantitatively in the spatial domain. It is an important work on the



                                                       
evaluation of the modalities for presurgical language mapping in
epilepsy patients, adapting the comparability of the modalities in
all three domains of comparison, namely temporal, frequency
and spatial. This work closes an important gap for language
mapping between different modalities by the application of a mul-
timodal testing battery and reveals the complementary strengths
of each, as well as establishing a solid framework for clinical
assessments. In future studies, however, it will be important to
determine whether similar outcomes are also observed for tests
assessing different linguistic aspects (verb generation, picture
naming, sentence processing). Further effort will also be required
to improve the sensitivity/specificity of the non-invasive mapping
techniques. The time of Wada tests has definitely ended; however,
we stress the necessity to improve the precision of these tech-
niques, which can only be achieved through multimodality.
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