
Dr. Sara Ramezani

Assistant Professor in Neuroscience

Guilan University of Medical Sciences

Non-invasive functional brain mapping 
for pre-surgical planning in the Brain 

Tumors



Brain Plasticity

 Brain tumor & the plastic potential of the brain 

 Interaction between tumor and brain (host)

 Spatiotemporal reshaping of the functional networks 

 individual dynamic functional reorganization of the eloquent maps induced by the tumors

 Eloquent areas include neural structures supporting the sensorimotor, language or other 

cognitive functions

 Conception of a « fixed » central nervous system versus concept of cerebral « plasticity »

Functional Compensation phenomenon

 Preoperative plasticity

 Intraoperative plasticity

 Post operative plasticity



Preoperative Plasticity

 Three kinds of preoperative functional redistribution are possible, in patients with 

brain Tumors involving eloquent structures without any neurological deficit

1. Function still persists within the tumor

2. Eloquent areas are redistributed around the tumor

3. Already a preoperative compensation by ispsilesional remote areas and/or by the 

contra-hemispheric homologuous

 Progressive functional brain reshaping

 Patterns of reorganization may differ between patients

 Preoperative plasticity mechanisms is based on an hierarchically organized model

Two antagonist goal in tumor surgery:

 To optimize quality of resection

 To minimize the risk of permanent postoperative deficit





Preoperative Brain mapping & opportunities

 To better select the surgical indication in brain tumors

 To better inform the patient of the actual risk of transient postoperative deficit

 To better plan the resection (surgical approach, cortico-subcortical boundaries)

 To optimize the quality of tumor removal while preserving the functional areas and tracts

 To plan a specific rehabilitation.



Postoperative fMRI during a motor task 

of the right upper limb, following a total 

resection of a LGG involving the left 

SMA which have generated a transient 

SMA syndrome then a complete recovery

Preoperative fMRI during a motor 

task of the right upper limb, in a 

patient without any neurological 

deficit, harboring a low-grade 

glioma involving the left SMA

THE SURGICAL USE OF BRAIN PLASTICITY



TH EVIDENCE  OF THE SURGICAL USE OF BRAIN PLASTICITY

Pars opercularis and pars triangularis of the left inferior frontal gyrus tumor

Broca’s area, Language function

Perilesional reorganization of language areas:

ventral premotor cortex (behind the tumor) 

pars orbitaris of IFG (front of the tumor)

The possibility of tumor removal without generating any postoperative

aphasia



 Preoperative

NON-INVASIVE METHODS:

functional mapping of the brain : fMRI, n-TMS, MEG

brain connectivity mapping : DTI  to study the  white matter tract organization

INVASIVE METHODS:

Extra-operative electrical mapping (subdural grids)  to study the cortical organization for each 

patient

 Intraoperative (DECS)

 Postoperative

Brain mapping



 A widely available technique , best-established clinical application in preoperative 

mapping & functional neuronavigation during surgery

 T2*-weight echo planar imaging sequence (EPI)

fMRI



fMRI
 Based on the blood oxygenation level-dependent (BOLD) effect (hemodynamic response)

 Coupling between CBF/metabolism and neuronal activity, indirect measure of neural 

activity

 Paramagnetic property of deoxy HB: T2* , BOLD signal

 High spatial & fair temporal resolution



Task Design
 Block
 Event-related
 Mixed block-event related 
 Resting-state-design
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Approaches:

Independent component analysis (ICA)

seed-based methods (ROI)

BET Motion 
correction Co-registration Smoothing

MR scanner (1.5-3T) ,EPI scan 
TR:1500-3000 ms
slice thickness : 2–5 mm
20 and 40 slices for each volume



 High specificity and sensitivity in in healthy tissue

 The sensitivity and specificity of fMRI varies among brain regions
 92-100% concordance between fMRI findings and intraoperative mapping (DCS) to 

identify the motor area
 Very high negative predictive value but low positive predictive value of fMRI for 

language areas
 There is a good correlation between the results of fMRI and the amobarbital test 

(Wada Test) to identify the language dominant hemisphere

 Low sensitivity in the vicinity tissue of a brain tumor 
 Alteration of neurovascular and metabolic coupling in tumor area & false negative 

response
 Preoperative application of near-infrared spectroscopy (NIRS) in patients with brain 

tumors to explain false-negative activations in fMRI

 After pre-processing, co-registration, statistical analysis and thresholding, the 
neuroradiologist, neuroscientist and/or neurosurgeon can interpret the activation 
Maps

 Unable to differentiate between critical and noncritical areas

 fMRI for preoperative mapping is inherently a user dependent process

Interpretation of Activation(s) & Pitfalls



Axial slices of fMRI hand motor mapping in a patient with a right frontal high 

grade glioma. The same data is shown in both panels at two different statistical 

thresholds illustrating the difference in the relationship of the activation to the lesion

Low High



Gadolinium-enhanced sagittal T1-weighted MRI:

white area = centrally located metastasis, orange area = fMRI activation (finger tapping).

Left panel: fMRI result at analysis threshold of p < 0.0001 (activations within the premotor, 

the sensory and the primary motor cortex). 

Right panel: fMRI result at analysis threshold p < 0.000001 (activation only within the primary 

motor cortex)

p < 0.0001
p < 0.000001







Localization of primary motor cortices in 28 years old patients with brain tumor:

Note that the posterior and medial displacement of motor cortices by the mass lesion



Transcranial Magnetic Stimulations(TMS)

 nTMS is based on the principle of electromagnetic induction Safe, non-invasive, painless and 
reversible method, has a high sensitivity and specificity for prediction of functional areas of the 
brain

 Preoperative TMS in patients eligible for surgery with rolandic tumors
 functional anatomy remains unclear after anatomical imaging
 discrepancy between the imaging results and the clinical findings



1.MEP response at a latency between 15 and 35 msec and the peak-to-peak amplitude > 50μV.

2.Individual RMT by stimulation at the hand knob on the both  healthy and tumorous sides.

3. Peritumoral mapping should be initiated at 120% of the RMT.

4. Stimulation should primarily be orthogonal to the gyrus.

5. Stimulation controlled by neuronavigation.

6. Stimulation should be performed in 1–5mm steps.

7. M1 is usually reliably defined after 20–50 stimuli.

8. mapping around or within a tumor should always be performed at varying angles.

9. Tumor-induced plasticity changes motor function pattern relative to classic M1 somatotopy

10. all stimulations and MEP responses should be stored to allow for offline analysis

Principle of somatotopic mapping with TMS



 setting the threshold of tenar muscles at rest

 rnTMS to a 110 to 120% over this motor threshold

 rnTMS train of 20 pulses at 10 Hz during 2 seconds 

 During language task performance (reading and naming, verb generation and spontaneous 

speech)

 language disturbance at least three times at the same location onto the 3D MRI model

 Mapping a wide perisylvian area, comprising the IFG first and second temporal gyri, 

supramarginal and angular gyri

MRI image of the cortex, overlaid with spots that represent the points stimulated, using various 

color-coding schemes 

 Color-coding can be used to simply distinguish motor-positive from motor negative spots.

 Color-coding can be used to can be used to show the strength of the motor responses.

 Color-coding can be used to differentiate which muscles responded at which stimulation 

locations.

Preoperative mapping for language function using nTMS

TMS output



Color-coding can be used to simply distinguish motor-positive from motor negative spots



Color-coding is used to can be used to show the strength of the motor responses

Small response MEP 50–500 μV: Red

Medium response MEP 500–1000 μV : 

Yellow

Large response MEP > 1000 μV : 

White



Green, abductor pollicis brevis (APB)

yellow, abductor digiti minimi (ADM)

pink, first dorsal interosseous(FDI)

Blue, tibialis anterior (TA)

Gray, no response



A good concordance is defined when the 

distance between both methods is under 10 

mm.



 The patients can have difficulty relaxing, which can cause a lot of noise in the EMG 

signal and consequently false positive responses

 Single-pulse TMS is safe in terms of seizure induction or other adverse events.

 The rotation and the tilting angle of the coil

Problems and limitations of TMS mapping



 Main Tracts

Motor Tracts 

corticospinal tract (CST)

supplementary motor area (SMA) fibers

Language Tracts

superior longitudinal fascicle (SLF) : phonologic component

inferior fronto-occipital fascicle (IFO): semantic component

uncinate and inferior longitudinal fascicles (ILF): phonologic & semantic component

face premotor fibers running from the dorsal premotor cortex toward the Broca area 

 DTI data acquisition and FT processing

 MR scanner using a single-shot echo planar imaging sequence

 Motion correction

 Reconstruction of tracts by deterministic or probabilistic algorithm 

(minimal value FA  0.15-0.25, turning angle 40º-50º)

 superimposition of the white-matter tracts on T1-weighted anatomical 

images

 Diffusion of tissue water molecules

 Anisotropic nature of diffusion

 maps of fractional anisotropy(FA) (0 -1)

 Color coded maps

 Localization, Integrity, infiltration(low FA)

 displacement, infiltration or disruption of fibers by the tumor

Diffusion Tensor Imaging (DTI)



Shortcomings:
1. Crossing fibers 

2. characteristics of the tumor (histology , infiltration, edema, size, location)

3. the FA threshold used to commence and cease tracking 

4. the location of ROI placement 

Tract reconstruction shortcomings

Solutions:
 HARDI,  Probabilistic q-ball modeling

 fMRI or nTMS based ROIs

 Low FA



Reconstruction of tract depends on choice FA level

FA:0.1

FA:0.2



Results of cortical mapping (from fMRI or TMS for example) can be used to facilitate DTI

results from TMS motor cortex mapping transferred to the DTI tracking software. 

The strongest MEP response from the TMS study (green dot) has been used to start 

the fiber-tracking algorithm





In Rolandic tumors , the corticospinal tract was displaced either anteriorly
(22%) or more frequently posteriorly (78%) and highly infiltrated by the tumor mass



IFOF reconstruction in a case of left frontal recurrent low-grade oligodendroglioma.



SLF reconstruction in case of left frontoparietal low-grade oligodendroglioma







Brain Shift



subcortical DES located the tract in the same position where it was shown by DTI-FT

Concordance between DES and DTI-FT

Positive response



Conclusion

 fMRI enables for visualization of complex networks and the possible changes in 

brain activation patterns due to tumor-induced plasticity

 Longitudinal fMRI data enables one to visualize any long-term brain plasticity, 

after tumor resection

 TMS is especially well-suited for clarification of cortical functional anatomy

 DCS gold standard for functional mapping eloquent cortex , its sensitivity for 

detection of eloquent structures is 100%

 The major advantage of TMS over DCS is that TMS is conducted preoperatively.

 fMRI involves a complex methodology

 There is a real risk of false negatives and false positive responses for fMRI maps

 nTMS minimizes the risk of false negatives and positives

 nTMS result is obtained immediately; whereas, the analysis fMRI procedures 

requires further processing time after data acquisition

 nTMS motor mapping has an accuracy similar to that of DES

distance < 10 mm between the TMS and DCS hotspots 

distance of 15.0 mm between the fMRI and DCS hotspots



Future Directions

 studies demonstrating the usefulness of functional mapping (fMRI,nTMS) and DTI 

before and during neurosurgery

 Multimodal Approach to Preoperative Surgical Planning

nTMS and DTI

nTMS and fMRI

fMRI and DTI



THANK YOU FOR YOUR 

ATTENTION

DON’T FORGET THE SURVEY!


