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SUMMARY 29 
This article provides an overview of a multi-modal brain mapping program designed to identify 30 
regions of the brain that support critical cognitive functions in individual neurosurgery patients.  31 
 32 
ABSTRACT 33 
The Translational Brain Mapping Program at the University of Rochester is an interdisciplinary 34 
effort that integrates cognitive science, neurophysiology, neuroanesthesia, and neurosurgery. 35 
Patients who have tumors or epileptogenic tissue in eloquent brain areas are studied 36 
preoperatively with functional and structural MRI, and intraoperatively with direct electrical 37 
stimulation mapping. Post-operative neural and cognitive outcome measures fuel basic science 38 
studies about the factors that mediate good versus poor outcome after surgery, and how brain 39 
mapping can be further optimized to ensure the best outcome for future patients. In this 40 
article, we describe the interdisciplinary workflow that allows our team to meet the synergistic 41 
goals of optimizing patient outcome and advancing scientific understanding of the human 42 
brain. 43 
 44 
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INTRODUCTION:  45 
Neurosurgical interventions to remove brain tumors or epileptogenic tissue adjacent to brain 46 
areas that support critical cognitive functions must balance the clinical objective of the surgery 47 
(remove as much tumor, or epileptogenic tissue as possible) against damage to healthy tissue 48 
that could cause neurologic deficits. In the context of brain tumor surgery, this balance is 49 
referred to as the onco-functional balance. On the ‘onco’ side of the balance, surgeons want to 50 
remove as much of the tumor as possible, as rates of ‘gross total tumor resection’ are linked to 51 
longer survival1,2. On the ‘functional’ side, removal of tumors can damage cortical and 52 
subcortical substrates of cognition; post-operative difficulties can involve language, action, 53 
vision, hearing, touch or movement, depending on the neural system(s) affected. The onco-54 
functional balance is critically important because increased morbidity is associated with i) lower 55 
quality of life, ii) increased post-operative complications that can increase mortality (e.g., 56 
patients who can no longer move are at a higher risk of blood clots3,4). The tension inherent in 57 
the ‘onco-functional’ balance in the setting of brain tumor surgery translates as well to epilepsy 58 
surgery—there the balance is between the clinical objective of removing all tissue that is 59 
generating seizures, while not removing tissue that supports critical functions.  60 
 61 
At a broad level, functional neuroanatomy is highly stereotyped from individual to individual. 62 
However, there can be a high degree of individual variability in the precise (i.e., mm to mm) 63 
location of higher cortical functions. In addition, it is generally recognized that the presence of 64 
cortical or subcortical pathology can spur cortical reorganization, although the principles that 65 
drive such reorganization are poorly understood5. Neurosurgical interventions proceed 66 
millimeter by millimeter. It is thus critical to map each patient’s brain, in detail and with 67 
sensitivity and precision, in order to understand which regions in that specific patient support 68 
which sensory, cognitive and motor functions6.  69 
 70 
The Program for Translational Brain Mapping at the University of Rochester has been 71 
engineered to meet the needs of personalized brain mapping in the setting of a high through-72 
put practice spanning multiple academic surgeons. The synergistic goals of the Brain Mapping 73 
Program are to i) use the tools of cognitive neuroscience to advance personalized 74 
neuromedicine, in the form of patient-specific functional brain maps, and ii) use the clinical 75 
preparation of neurosurgical interventions to test mechanistic hypotheses about how the 76 
human brain functions.  77 
 78 
PROTOCOL:  79 
 80 
The activities shown in the video and described herein fall within a greater-than-minimal-risk 81 
IRB at the University of Rochester Medical Center. 82 
 83 
1. Recruitment 84 
 85 
1.1. Establish a high through-put program for pre-operative cognitive and MRI-based 86 
assessment to catch patients from all referring providers in a timely and efficient manner. 87 
Involve the administrative and clinical staff in the broader effort.  88 



   

 

 89 
NOTE: A concrete step that has proved effective was the establishment of a group email list 90 
that is automatically sent by the attending surgeon (or someone on their support staff) when a 91 
new patient presents to clinic who may be a candidate for recruitment into the Brain Mapping 92 
Program.  93 
 94 
2. Pre-Operative MRI mapping 95 
 96 
2.1. Acquire MRI data on a 3T MRI scanner with a 64-channel head coil at the Center for 97 
Advanced Brain Imaging and Neurophysiology (formally known as the ‘Rochester Center for 98 
Brain Imaging’) at the University of Rochester Medical School. Use standard sequences for 99 
BOLD MRI and DTI allowing full brain imaging, as described in prior publications7-27.  100 
 101 
2.2. Monitor fixation, and record respiration and heart rate collected during all fMRI for 102 
regression of noise confounds28 29. 103 
 104 
NOTEL: Over the past 10 years, we have developed a library of functional MRI experiments to 105 
map language (spoken, auditory, single words, whole sentences), motor function (from 106 
intransitive finger, tongue and foot movements to high level transitive actions), music ability, 107 
mathematics and number knowledge, and basic sensory function (e.g., retinotopic mapping to 108 
map of low level visual processing11-13,16,26).  109 
 110 
3. Neuropsychological testing 111 
 112 
3.1. Take care during all cognitive testing to ensure that patients are comfortable, ensured 113 
using an ergonomically optimized setup (Figure 1) and by building frequent breaks (every 8 114 
min) into the structure of all tests.  115 
 116 
3.2. Have all low grade tumor patients complete the following tests 1 month before surgery, 117 
1 month after surgery, and 6 months after surgery (tests 12 and 13 are completed at the pre-118 
operative and 6 months post-operative time points)30-34. 119 
 120 
3.2.1. Complete the Spontaneous Speech (Cookie Theft Picture35, Cinderella Story36-38). 121 
 122 
3.2.2. Complete the Category Fluency (actions, semantic categories, words starting with F, A, 123 
S39). 124 
 125 
3.2.3. Complete the Word Reading and Repetition (nouns, verbs, adjectives, non-words, 126 
matched on length and frequency). 127 
 128 
3.2.4. Complete the Snodgrass Object Naming (n = 26040). 129 
 130 
3.2.5. Complete the Auditory Naming (n = 6041). 131 
 132 



   

 

3.2.6. Complete the High-Cloze Sentence Completion (30 min). 133 
 134 
3.2.7.  Complete the Birmingham Object Recognition Battery (BORB, including Length | Size | 135 
Orientation | Gap Matching | Overlapping Figures | Foreshortened Views | Object Reality 136 
Decision42). 137 
 138 
3.2.8. Complete the Auditory Minimal Pair Discrimination (e.g., pa vs. da, ga vs. ta33,43). 139 
 140 
3.2.9. Complete the Sentence Picture Matching (including reversible passives43). 141 
 142 
3.2.10. Complete the Color Naming and Farnsworth Munsell Hue Sorting44. 143 
 144 
3.2.11. Complete the Cambridge Face Test32,45. 145 
 146 
3.2.12. Complete the California Verbal Learning Test (46) 147 
 148 
3.2.13. Complete the Weshler IQ (47-49). The key measures to evaluate language outcome are 149 
tests 4-6; characterizing broader abilities ensures impairments on naming tests are not due to 150 
general performance decline50. 151 
 152 
NOTE: In the past, we have used a combination of software presentation platforms to control 153 
stimulus presentation and response recording during pre- and post-operative testing. We are 154 
currently designing a single plug-and-play platform to support all cognitive testing (pre, intra- 155 
and post-operative testing) as well as stimulus presentation and response recording during 156 
functional MRI (see below for description of StrongViewTM).  157 
 158 
4. Neuroanesthesia and ergonomics of intraoperative language mapping 159 
 160 
4.1. Use anesthetic techniques for awake craniotomies51-53; at the University of Rochester, 161 
awake craniotomies are typically performed using an asleep-awake-asleep approach.  162 
 163 
4.2. Avoid premedications such as anticonvulsants and anxiolytics as they can impair 164 
cognitive function and contribute to emergence delirium.  165 
 166 
4.3. Apply standard monitors (EKG, NIBP, pulse oximetry) and induce general anesthesia 167 
with intravenous fentanyl (0.5 mg/kg), lidocaine (1-1.5 mg/kg) and propofol (1-2 mg/kg).  168 
 169 
4.4. Use a supraglottic airway for mechanical ventilation.  170 
 171 
4.5. Position the patient laterally or semi-laterally with the head secured in a pinned frame; 172 
as described in the video, patient positioning depends on the location of the lesion and the 173 
planned craniotomy window, while also taking into consideration that types of cognitive testing 174 
the patient will be asked to perform once awake during the surgery.  175 
 176 



   

 

4.6. Apply analgesia at the pin and incision site (30 mL of 0.5% Lidocaine, 30 mL of 0.5% 177 
Sensorcaine plain, 6 mL of sodium bicarbonate). During this period, position the testing 178 
equipment (small monitor, video cameras, directional mics). 179 
 180 
4.7. Determine the size of the craniotomy window by multiple factors, which vary in their 181 
weighting according to the results of pre-operative clinical mapping of the patient’s brain, 182 
functional brain mapping studies, and the plan for intra-operative mapping. In the case 183 
described in the video, the attending surgeon (Dr. Pilcher) chose a large craniotomy in order to 184 
have full access to map positive language and motor sites in the dominant hemisphere.  185 
 186 
4.8. At the beginning of the awake-phase, discontinue sedation (local analgesics are applied 187 
prior to incision).  188 
 189 
4.9. Remove the supraglottic airway once the patient regains consciousness. There is no or 190 
minimal sedation during the awake phase.  191 
 192 
4.10. Use electrocorticography (ECoG) to monitor after-discharges (subclinical epileptiform 193 
discharges induced by cortical stimulation) to ensure that DES levels are set at just below the 194 
after-discharge threshold. The DES mapping procedure initiates by finding the after-discharge 195 
threshold, and adjusting stimulation amplitude (in steps of .5 milliamp).  196 
 197 
4.11. Adjust stimulation amplitude throughout the mapping session (2 to 15 mA) at the 198 
discretion of the attending surgeon. Patients view stimuli on a monitor and can speak and move 199 
their forearms and hands. 200 
 201 
5. Procedures for acquiring research-grade data during intraoperative direct electrical 202 
stimulation mapping 203 
 204 
5.1. Run all intraoperative cognitive testing on a custom-built hardware/software system 205 
called ‘StrongView’. The hardware footprint is self-contained on a small cart, and is outfitted 206 
with an independent backup battery power source, speakers, keyboard and touch display. The 207 
person charged with running the cognitive testing can start, stop and pause stimulus 208 
presentation, while continuously recording (audio and video) during the case.  209 
 210 
5.2. Set up an audio system on the cart such that a directional microphone that is trained on 211 
the patient’s mouth, which feeds through a splitter.  212 
 213 
NOTE: One channel coming out of the splitter goes through an amplifier and directly to a 214 
speaker. This allows surgeons and researchers to easily hear the patient’s responses against the 215 
background noise of the operating room with zero perceptible delay (i.e., eliminating ‘echo’ 216 
effects). The second channel from the splitter goes to the PC on the mobile cart, where it is 217 
time-stamped, recorded and stored (these files are used for offline analysis). StrongView also 218 
has a separate (stand-alone) audio system that consists of a second directional microphone also 219 
trained on the patient, a directional microphone trained on the surgeons, and a ‘noise’ 220 



   

 

microphone in a corner of the operating room to sample room tone for subtraction from the 221 
main audio files. Those three audio channels feed to a MIDI, and to a second computer which 222 
records each channel separately. This second audio system provides redundancy should the 223 
primary system fail, all verbal responses of the patient will be available for offline analysis.  224 
 225 
5.3. Attach a commercially available ether screen L-bracket to the operating room (OR) table 226 
using an OR table clamp. Attach articulating arms (e.g., Manfrotto 244 Variable Friction Magic 227 
Arms) to the ether screen L-bracket, and those articulating arms support the patient monitor, 228 
directional microphones, video camera trained on the patient’s face, and an auxiliary monitor 229 
to allow a research team member or operating room nurse to easily see what the patient sees 230 
while interacting with the patient.  231 
 232 
5.4. Run all necessary cables for the screens, microphones, and camera along the arm and 233 
protect by plastic tubing secured with Velcro.  234 
 235 
NOTE: None of this equipment needs to be sterilized as it is (only ever) on the non-sterile side 236 
of the field (Figure 1). This manner of supporting stimulus presentation and response recording 237 
equipment provides maximal flexibility to take into account the differing ergonomics of 238 
cognitive testing according to patient positioning which varies case by case, yet provides a 239 
reliable and stable platform on which to attach equipment. Also, and importantly, because all 240 
monitors, microphones and cameras are attached to the OR table via single device (either 241 
screen L-bracket), if the positioning of the table is adjusted during the case this does not affect 242 
the testing setup. (Note that the setup shown in Figure 1 is from an earlier generation setup in 243 
which a floor-mounted stand supported the patient screen, microphone and video camera—244 
that floor mounted stand has been replaced since 2018 with the ether screen L-bracket). Also, 245 
and importantly for patient safety, the entire setup for cognitive testing can be broken down in 246 
less than 20 seconds during the case should an emergent situation present itself that mandates 247 
full and unobstructed access to the patient (e.g., to the patient’s airway).  248 
 249 
5.5. The heart of StrongView is a flexible software system for i) presenting stimuli (visual, 250 
auditory) to patients and recording patient responses (verbal, button response, video), ii) 251 
temporally registering all experimentally-relevant events and measures (stimulus on, ECoG, 252 
contact with brain of direct electrical stimulator probe, patient responses); iii) and 253 
communication with cranial navigation systems to obtain the 3 dimensional coordinate for each 254 
application of direct electrical stimulation. StrongView allows on-line re-calibration of 255 
experimental variables such as stimulus duration, inter-stimulus-intervals, randomization, 256 
number of repetitions or blocks of stimuli, and control of the patient video and audio channels. 257 
StrongView streams the patient video camera, the online ECoG data, and the stimulus that the 258 
patient is currently seeing/hearing to a desktop display, which is also mirrored on a large 259 
monitor that is in the line of sight of the surgeon.  260 
 261 
5.6. Attach a photodiode to the patient monitor and feed into an open channel on the ECoG 262 
amplifier. This provides a temporal sync between presentation of each stimulus and ECoG for 263 
offline analysis. 264 



   

 

 265 
5.7. Use cranial navigation hardware and software (at the University of Rochester, BrainLab 266 
Inc., Munich, Germany) in all cases by the surgical team for intra-operative cranial navigation 267 
based on pre-operative MRI. This is an optical system consisting of a set of cameras that view 268 
the operating field and register the patient’s head via a fixed registration star that is affixed to 269 
the operating table (see Figure 1). 270 
 271 
5.7.1. Specifically, after the patient is set in the headholder, but before draping, use the facial 272 
physiognomy of the patient to register the patient’s head to the preoperative MRI. This allows 273 
pre-operative MRI (functional and structural) to be brought into direct alignment with the 274 
patient’s brain on the operating table.  275 
 276 
5.7.2. Attach a second (much smaller) registration star is attached to the bipolar stimulator 277 
(see Figure 1) and use to register the stimulator’s length and position in the field. This enables 278 
the research team to acquire the precise location of each point of stimulation as well as the 279 
margins of the resection, relative to pre-operative MRI. As noted above, StrongView is 280 
connected with the cranial navigation system (at University of Rochester, BrainLab, connection 281 
via IGT link) to allow for real time streaming (and time stamping) of the coordinates of direct 282 
electrical stimulation mapping. StrongView is currently being developed to interface with other 283 
cranial navigation systems (e.g., Stryker). 284 
 285 
NOTE: Aspects of StrongView that support administration and data collection during cognitive 286 
and fMRI experiments, together with a library of tests, will be available (open access) starting in 287 
2020 at OpenBrainProject.org. Beta versions are available prior to the full release by contacting 288 
the corresponding author. The entire StrongView suite, which includes hardware systems to 289 
integrate with Electrocorticography and cranial navigation software, is available to clinicians 290 
and scientists by contacting the corresponding author. These data acquisition tools will be 291 
confluent with a post-processing pipeline and open data consortium, also to be launched in 292 
2020 at OpenBrainProject.org. 293 
 294 
REPRESENTATIVE RESULTS:  295 
Figure 2, Figure 3, and Figure 4 present representative results of pre-operative functional and 296 
structural mapping for three patients with tumors that were adjacent to eloquent regions of 297 
the brain. The findings shown in Figure 2, Figure 3, and Figure 4 are intended to be illustrative 298 
(rather than an exhaustive summary) of the types of maps that are generated for each patient. 299 
Details on the cases presented in Figure 2, Figure 3, and Figure 4 can be found in: Figure 2, 300 
Chernoff et al., in revision12; Figure 3: Chernoff et al., in revision11; Figure 4: Garcea et al., 301 
201718). An important consequence of consecutive recruitment of glioma patients into a 302 
uniform protocol is that it makes possible group-level analyses that evaluate the effect of brain 303 
tumors on network function and organization. As an example of this type of analyses, Figure 5 304 
presents results from a recent study 16 that found that tumors in left parietal cortex modulated 305 
neural responses to ‘tools’ (small manipulable objects) in the temporal lobe—an instance of a 306 
more general phenomenon referred to as dynamic diaschesis54.  307 
 308 



   

 

FIGURE AND TABLE LEGENDS:  309 
Figure 1. Overview of Equipment used for extra-operative and intra-operative cognitive 310 
testing. (A) Example setup for high through-put cognitive neuropsychological testing as 311 
implemented by the Program for Translational Brain Mapping and the University of Rochester 312 
Medical Center. Key elements for ensuring that all recruited patients are able to complete all 313 
planned tests include: i) a place for patients to sit and complete testing that is fully adjustable 314 
to each patient’s size, including a chair specifically designed to reduce fatigue, and ii) locating 315 
cognitive/behavioral testing physically adjacent to the MRI. These elements allow patients to 316 
visit the facility and complete their functional and structural MRI within the same session as 317 
core behavioral data are measured. Participants complete more trials with better performance 318 
if they are comfortable, especially for older participant populations with other comorbidities 319 
that can make sitting for prolonged periods uncomfortable. (B) Equipment used during 320 
intraoperative mapping. The image at the left shows a patient before being draped (right is 321 
after draping). Before draping, the cognitive science team sets up their equipment, including 322 
audio and video recorders of the patient, a monitor positioned in front of the patient’s line of 323 
sight, and second monitor positioned so that the person working with the patient can easily see 324 
the stimulus at which the patient is currently looking (see ‘Procedure’ for details). (C) Bipolar 325 
Stimulator with registration star attached to record locations of intra-operative stimulation in 326 
preoperative MRI DICOM space. Usually at the point in the surgery at which the dura has been 327 
retracted and the patient is being awoken from general anesthesia, there are a few minutes in 328 
which to register the bipolar stimulator to the field. This must be done by a team member who 329 
is scrubbed in to the case (i.e., either attending or resident surgeon or a scrub tech/nurse). It is 330 
accomplished by attaching a small registration star to the bipolar stimulator and following the 331 
instructions in the cranial navigation system to register a new instrument on the field.  332 
 333 
Figure 2. Pre-operative functional MRI and Diffusion Tensor Imaging (DTI) in patient AH12 with 334 
a left inferior parietal glioma that infiltrated the arcuate fasciculus. (A) Pre-operative T1 MRI 335 
and 3D reconstruction of the left arcuate fasciculus and glioma. The arcuate fasciculus is shown 336 
in orange at a 5% threshold with the tumor reconstructed in blue. (B) Pre-Operative functional 337 
MRI. The patient completed several sessions of functional MRI that were each designed to map 338 
a function that was anticipated to be adjacent to the area of surgical intervention. All maps are 339 
thresholded at FDR q < .05 or better. In blue are voxels that exhibit differential neural 340 
responses when naming tools compared to animals; in line with prior studies from our lab using 341 
the same stimuli, a robust network is identified involving premotor, parietal, and lateral and 342 
ventral temporal areas7-10,16,17,19-24,30. The patient was also asked to carry out a numerosity task 343 
in which he had to judge which of two clouds of dots had more dots; the two clouds of dots 344 
could either have a similar number of dots (hard comparison, ratio = 0.8) or very different 345 
numbers of dots (easy comparison, ratio = 0.25). In green are voxels that exhibit differential 346 
neural responses when carrying out the task over hard ratio stimuli (ratio = .8) compared to 347 
easy stimuli (ratio = .25 55,56). The patient was also asked to move his hands and feet (either 348 
flex/extension or rotate27). In red are voxels that exhibited differential neural responses to 349 
movements of the right hand compared to movements of the right foot. Finally, the patient was 350 
asked to generate as many items as he could think of in 30 seconds from various categories 351 
(e.g., ‘things you do in the kitchen’, ‘animals’, words that start with ‘F’, etc.). In purple are 352 



   

 

voxels that exhibited differential neural activity for overt word production compared to 353 
fixation/rest. 354 
 355 
Figure 3. Pre-Operative white matter tractography of the Frontal Aslant Tract and adjacent u-356 
shaped fibers. Prior experience in the Program for Translational Brain Mapping with brain 357 
mapping in patients with gliomas adjacent to the frontal aslant tract demonstrated that (even 358 
partial) transection of this pathway can be associated with dysfluencies in spontaneous speech, 359 
while repetition of spoken language can remain intact13. That prior experience was used to 360 
inform pre-operative mapping of the frontal aslant tract in patient AI11. (A) Coronal slices 361 
showing the frontal aslant tract (blue-light blue) and u-shaped fibers (red-yellow). The frontal 362 
aslant tract passes just anterior and medial to the glioma. (B) 3D Rendering of frontal aslant 363 
tract (blue) and tumor (red) from multiple perspectives. The pre-operative anatomical studies 364 
(Panels A and B) indicated that at the end of the tumor resection, it would be possible to define 365 
the anterior margin of tumor using direct electrical stimulation mapping. We thus designed a 366 
new language task based on our prior experience 13, specifically to test whether stimulation of 367 
the frontal aslant tract disrupted sentence production at the boundaries of grammatical 368 
phrases. (C) Direct electrical stimulation of the frontal aslant tract disrupts sentence production 369 
differentially at the boundaries of grammatical phrases. The screenshot (Panel C, left) from the 370 
video shows the patient, the stimulus with which he was presented, the surgeon’s hand holding 371 
the bipolar stimulator in contact with the frontal aslant tract at the anterior margin of the 372 
tumor, and the location in coronal and sagittal slices of the current stimulation location (red 373 
dot) in relation to the frontal aslant tract (blue). The patient’s task was to describe the spatial 374 
relation of the target shape in relation to the location of a reference shape (for the trial shown, 375 
the correct response would be: “The red square is below the red diamond’). We found that 376 
stimulation of the frontal aslant tract disrupted sentence production, and differentially so at the 377 
start of new grammatical phrases (Panel C, graph at right). This observation motivates a novel 378 
hypothesis about the role of the frontal aslant tract in sentence production: the Syntagmatic 379 
Constraints on Positional Elements (SCOPE) hypothesis11.  380 
 381 
Figure 4. Pre-Operative functional and structural MRI and intraoperative direct electrical 382 
stimulation mapping in a professional musician with a glioma in the right posterior temporal 383 
lobe. (A) Pre-operative fMRI mapping of high-level visual processing, language production, and 384 
tool knowledge. The tumor, shaded yellow, was in the right temporal lobe, visible through the 385 
right superior temporal sulcus (sulci slightly expanded to facilitate visualization). Because the 386 
tumor was located close to motion processing areas in lateral temporal cortex, localized MT/V5 387 
by comparing neural activity when the patient attended to arrays of moving dots to neural 388 
activity elicited by stationary dots; voxels exhibiting differential neural responses for motion 389 
compared to static dots are plotted on the purple-white color scale. As for all other cases 390 
studied in the Program for Translational Brain Mapping (e.g., Figure 2, Figure 3), voxels 391 
exhibiting differential neural responses for naming common pictures are compared to a 392 
baseline of viewing phase-scrambled versions of the same images; this is plotted on the green-393 
white color scale. That contrast identified bilateral lateral occipital complex, bilateral 394 
middle/superior temporal gyrus, and motor cortex (associated with speech motor activity). Also 395 
as in Figure 1, voxels exhibiting differential neural responses when naming ‘tools’ were found in 396 



   

 

the left inferior parietal lobule, bilateral superior parietal/dorsal occipital cortex, and the left 397 
posterior middle/inferior temporal gyrus (blue-white color scale). Finally, and again as in Figure 398 
2, the patient was asked to complete a verbal fluency word production task. Voxels associated 399 
with word generation compared to a resting baseline are plotted on the red-white color scale 400 
and were found in the left inferior frontal gyrus (Broca’s area), superior temporal/inferior 401 
parietal cortex, and the speech motor system. (B) The patient completed multiple functional 402 
MRI experiments pre-operatively specifically to map music processing. In one experiment, 403 
modeled after prior work from Greg Hickok’s lab57, the patient heard short piano melodies and 404 
had to hum the melody back, or heard short sentences and had to repeat the sentences back. 405 
Plotted on the brain on the red-purple color scale are voxels that exhibited differential neural 406 
activity for music than for language. Four Eastman School of Music Graduate students 407 
completed the same fMRI experiment—the border of the region identified for the same 408 
functional contrast in the matched healthy controls is plotted in green outline. In addition, 10 409 
other neurosurgery patients completed the same experiment, also in the preoperative phase of 410 
their treatment. While the proximate goal in those 10 patients was to identify language-411 
responsive areas (thorugh the contrast of language > music), the contrast of music>language 412 
identifies a very similar region of the right superior temporal gyrus (borders of the functional 413 
region from the 10 control neurosurgery patients are drawn in light blue). (C) Pre-operative 414 
probabilistic tractography over DTI data showing the right acoustic radiations and arcuate 415 
fasciculus in relation to patient AE’s tumor (5% threshold, overlaid on native T2-weighted 416 
image). (D) During his surgery, patient AE performed the same task as during fMRI in which he 417 
had to listen to short piano melodies and hum them back, or a short sentence and repeat it 418 
back. It was found that direct electrical stimulation to the right posterior superior temporal 419 
gyrus disrupted performance in the repetition task when performed over melodies (for some 420 
trials), but did not affect performance (on any trials) for the same repetition task performed 421 
over sentences.  422 
 423 
Figure 5. Demonstration of domain-specific diaschesis: Analysis of the relation of lesion 424 
location and stimulus-elicited neural activity across a group of glioma patients studied pre-425 
operatively in the Program for Translational Brain. An important consequence of 426 
administering a common set of functional MRI and behavioral studies to all patients who go 427 
through the Program for Translational Brain Mapping at the University of Rochester Medical 428 
Center is the opportunity to carry out group-level analyses on larger sets of consecutively 429 
studied patients. As an example, Figure 5 shows the results of a test of the basic science 430 
hypothesis that neural responses to ‘tools’ in the temporal lobe are modulated online by inputs 431 
from parietal cortex. If that hypothesis is correct, then lesions (tumors) in parietal cortex should 432 
alter neural responses in the temporal lobe to ‘tools’, and variance across patients in neural 433 
activity to ‘tools’ in the temporal lobe should be correlated with the presence of lesions 434 
(tumors) in parietal cortex. (A) Lesions to parietal cortex are predicted at the group level 435 
(logistic regression) from variance across patients in neural responses in the medial fusiform 436 
gyrus on the ventral surface of the temporal lobe. (B) Neural responses to tools in the medial 437 
fusiform gyrus are predicted at the group level (logistic regression) from variance in whether 438 
lesion/tumor involves the anterior Intraparietal Sulcus (aIPS). The findings summarized in 439 
panels A and B represent an instance of dynamic diaschesis54, in this case ‘domain-specific’ 440 



   

 

dynamic diaschesis, because the relation of lesion location to neural activity is modulated by 441 
the type of stimulus being processed (i.e., the relation is present for tools, and not for places, 442 
face or animals)—for full details see Garcea and colleagues16. 443 
 444 
DISCUSSION:  445 
The knowledge gained from the experience of establishing the Program for Translational Brain 446 
Mapping at the University of Rochester can be distilled down into two core elements. First, 447 
structured channels of communication were established among cognitive scientists, neuro-448 
oncologists, neuropsychologists, epileptologists, neurophysiologists, neuro-anesthesiologists, 449 
neurosurgeons and their respective supporting technicians and administrative support. This 450 
allows patients, including urgent high-grade tumor patients, to be referred for pre-operative 451 
evaluation with sufficient time to turn analyses around to surgeons prior to the procedure. The 452 
second component critical to the success of the Brain Mapping Program has been to fold in 453 
training opportunities for undergraduate students, graduate (MS, PhD) students, medical 454 
students, as well as neurosurgery, neurology and neuroradiology residents and fellows. The 455 
combination of those two elements serve to engage all clinical providers with the scientific 456 
objectives of the Brain Mapping Program, and ensures that basic science objectives are 457 
intertwined with the clinical goal of optimizing the outcome of every patient.  458 
 459 
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Figure 3. Pre-Operative white matter tractography of the Frontal Aslant Tract and adjacent u-�bers
A. Coronal slices showing the frontal aslant tract (blue-light blue) and u-shaped  �bers (red-yellow)
passing anterior and medial to tumor

B.  3D Rendering of frontal aslant tract (blue) and tumor (red) from multiple perspectives

C. Direct electrical stimulation of the frontal aslant tract disrupts sentence production at grammatical phrase boundaries
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Figure 5. Demonstration of domain-speci�c diaschesis: Analysis of the relation of lesion location and stimulus-elicited 
neural activity across a group of glioma patients studied pre-operatively in the Program for Translational Brain
Mapping at the University of Rochester Medical Center 
A. Voxelwise correlation between neural responses in the temporal lobe (medial fusiform gyrus) when naming ‘tools’ and lesion 
location (whole-brain): Lesions to to aIPS are predicted by variance across patients in neural reponses to tools in the temporal lobe
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devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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Response to editorial feedback- 
 

1. Comments in ms- 
 
All comments have been addressed except the prescription to only 
reference accepted/published papers. Honestly I was not expecting JoVE to 
get back to so fast. As I wrote in the comment in the ms file: 
 
Would it be okay to leave these references? We do have conference 
abstracts for this work that could be cited but my expectation/prediction is 
that both of these papers will be accepted within a matter of weeks. Please 
advise—while I do not want to slow down the process at JoVE I think that 
the contribution of the results from these studies to ‘representative results’ 
section is substantial. I am also concerned that if I now have to explain to 
the editors at the other journals that permissions will be required to 
reproduce figures in those journals (because published first in JoVE) that 
they will object that the data are no longer original to those manuscripts 
(whereas, as I understand, it is okay for representative results at JoVE to 
not be original to this manuscript because the emphasis is on the methods 
rather than the novelty of this or that finding).  
 
It’s a bit of a catch 22 so I would appreciate any advice/direction on this 
point. My strong preference would be to keep the organization as it 
currently stands and update the references accordingly, prior to 
publication at JoVE.  
 
2. Please select an access type in the signed author license agreement as this 
will affect the invoicing of the article. 
 
Done—I have selected Open Access and am happy to pay the associated 
fees.  
 
3. Please upload the revised high-resolution video file here: We can handle the 
1.5 GB file with the attached dropbox link. 
 
https://www.dropbox.com/request/smEoU1AEBxWzgOQhTpOB?oref=e 
 
Done—I have also uploaded the .eps format for all 5 figures.  
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