AEITOYPIIKH MATNHTIKH TOMOTIPA®IA 2E KATA2TAZH
AAPANEIA2
(rs-fMRI)

Alovta EuayyeAia, MSc, Dr Sc urto.
Neupoyxetlpoupyikn KAwvikn, EKMA, Noookopeio EvayyeAlopog



Elooywyn
* Aettoupylkn Mayvntikn Amntewkovion o adpaveta (RS-FMRI)

* Biswal et al. (1995)

e XapunAnc ovyvotntac (<0.1 Hz) «auvBopuntn-autopotn» eykePaAlkn
dpaotnplotnia.

* JUYXPOVLOUEVN TTUPOSOTNON VEUPLKWY KUTTAPWV
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Atatapayec ocuveldntotntoc —Qutikr kataotaon/
Unresponsive wakefulness syndrome (UWS)
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Yuetal., 2012
“Brain connectivity networks iIn

schizophrenia underlying resting
state functional magnetic
resonance imaging”

CZ L, & M. Visual
Cortical Areas

Disconnection Hypothesis

Figure 2. Group differences of FNC (from Jafri et al.
[63]). Out of 21 possible correlation combinations
between 7 components, only 5 combinations passed
the two sample t-test (p < 0.01). The solid line
represents the significant connectivity where controls
have higher mean correlation than patients, while
dotted line represents connectivity where patients
have higher mean correlation. Presence of dotted lines
rejects the hypothesis that controls should have more E: Frontal Parietal D: Frontal

correlation between two components than patients. Subcortical Temporal Parietal
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Fig. 1 Functional connectivity in resting-state in
Alzheimer’s disease (AD). Regions of connectivity loss
or increase in AD, a case of hippocampus (Wang et al.
2006) and b PCC (Zhang et al. 2009) in DMN. The

yellow is showed increase and blue is decrease. Green
of square is showed seed region. Mask of DMN s
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Ektipnon cupnepiudpopag (VF) & rs-FMRI
a) 4 YUEpPEC
b) 4.5 pARveg

B Early stroke M Late stroke

0

Inter-hemispheric

wfin left hemisphere

w/in right hemisphere

Figure 3. Within hemisphere and interhemispheric total connectivity
scores in the subnetwork significantly different between early and late
stroke. P < 0.0002.
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Figure 2. FC maps in the axial (left) and sagittal (right) sections. Top panel (A) shows subnetwork of connections more
impaired in early stroke compared to HC. Bottom panel (B) shows subnetwork of connections that strengthened in
late stroke when compared to early stroke patients. Node/Node labels that are further away appear indistinct. Left
hemisphere is on left in axial view. FC, functional connectivity.
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AN yEC o€ yeltvIialoUOEC TTEPLOYEC /HeyaAnc KAlpakac Sdlktua

* Melwon AeLTOUpYLIKAC OUVOECLUOTNTOC

Non-weak Weak Significant
subjects subjects differences

* Aettoupyia kivnong LS @ 9

e Otten et al.,2012

Figure 2 Weak subjects have significantly weaker mean connectivity than control subjects. Left: The overall structure of the motor
network in patients with brain tumours is similar to that of controls. Connectivity is most pronounced between the SMAs, PMCs and
thedominant SPL. Middle: Subjects with motor weakness largely preserve intrahemispheric connectivity, but interhemispheric
connections are significantly weaker. Right: The largest differences in connectivity between weak and non-weak subjects were
between the left PMC and right PMA, the left and right PMCs, the right PMA and left SMA, and the right PMA and left SPL. Scale bar,

Pearson correlation.*P50.05.
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Figure 2. Group differences in the functional connectivity of the motor network between patients with brain gliomas and healthy controls. Error
bars represent standard error of the mean. A blue asterisk indicates significant differences between groups (z =23.215, P = 0.001, Mann-Whitney
U test). LPMC, left primary motor cortex; RPMC, right primary motor cortex; SMA, supplementary motor
area.doi:10.1371/journal.pone.0096850.g002
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FIG. 3. Evolution of correlation maps within the resting state sensorimotor network. Correlation coefficients between the sensorimotor :
network nodes, at both intrahemispheric (left column) and interhemispheric (right column) levels, in the preoperative period (top), in the [Rpostcentill Posicentral] [Rpostcentrl | {r—

immediate postoperative period (center), and at 3 months’ follow-up (bottom). In both hemispheres, network nodes include the
precentral region, the postcentral region, and the SMA; the SMA was resected on the lesional side and is therefore absent
postoperatively. Each correlation is presented with its associated standard deviation. Note that in these data the right hemisphere is
always the lesional hemisphere, the left hemisphere being the healthy hemisphere.
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* Briganti et al., 2012
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Liu et al.,2009 Kokkonen et al., 2009
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Fig. 1. Detected sensorimotor areas of the eight cases (2.3bzb5.0) presented in the same order as in Table 1. The
upper rows represent ICA during the motor task (ICtask) (red, right-hand task; blue, left-hand task) and the lower
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Fig. 1. Task and fcMR imaging—based mapping localizing similar regions. Hand motor regions
defined by actual motor task movements (left column) and task-free fcMR imaging (center column)
are plotted on sagittal sections for each patient (overlaid on their structural image). Colors
represent Z values, with the threshold set to Z = 0.4-0.5. The overlap of the two techniques is
shown in red (right column). Each row displays a different patient, with the sex (M or F) and age (in
years) indicated in the rightmost panel. Brain lesions are indicated by the white triangles for the
patients in Cases 1, 2, and 4; the patient in Case 3 has

no visible lesion.

rows represent ICA during the resting state (ICrest). The ICs are superimposed on each patient's individual
anatomical MR image.




* Rosazza et al., 2014

* Seed based evtoniopo¢>ICA evtomiopog

* Mepwkn cuoxétion pe fMRI .rsfMRI =peyaAUTEPEC OE XWPO EVEPYOTIOLNOELG

Motor hand Sensory hand Motor foot

(0=0.62. B=0.43) (0=0.65, B=0.39) (0=0.63, B=0.35)

Figure 1. Concordance between task-based (tb-fMRI, in green) and resting-state (rs-fMRI, in red) fMRI maps computed with aROI (top row) and ICA (bottom row). Overlap sensitivity (a) and specificity (b) of rs-fMRI
with respect to tb-fMRI, obtained with operator-dependent thresholds, are reported. Light blue circle represents the Centre of Mass (CoM) of tb-fMRI, and pink circle represents the CoM of rs-fMRI. Images are shown
in neurological convention (left is left) and MNI coordinates are reported on top of each slice. a) For Case 5 concordance was optimal in terms of overlap values and CoM distance. b) For Case 9 the aROIl and ICA maps
were extremely similar to each other, in particular for the hand area. However, the aROI was more useful than ICA to localize the foot area as it included the paracentral lobule.
doi:10.1371/journal.pone.0098860.g001




Xaptoypadnon «eloquent» meploywv

e Eykupotnta o€ yaptoypadnon
Aoyou

* Branco et al.,2016

e KaAn aAAnAokaAuvdn petaéu rs-fmri
& fMRI

* Rs-fMRI evaicBnola & sldkotnTal =
fMRI evaloBnola & eldkotnta

# of subjects

FIGURE4 | Probabilistic overlap map across subjects for rs-fMRI, task-fMRI and task IC-fMRI.
Colors represent the number of subjects with significant activations at each voxel. Images were

thresholded between 4 and 13 subjects for better visualization.
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Sair et al., 2016
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Sample subjects at varying Dice coefficients. Each row denotes a different subject with fMRI
overlays onto standard brain template for comparison. Task-fMRI and rs-fMRI were thresholded
at the peak Dice coefficient value for each of these subjects. Task-fMRI is shown in red, the rs-
fMRI in green, and the overlapping areas in yellow. For the subject in the top-most row, there is

an excellent concordance of task-fMRI and rs-fMRI. For the subject in the bottom-most row,
there is a low concordance of task-fMRI and rs-fMRI, reflected in the low Dice coefficient. The
subject in the middle row demonstrates an intermediate level of task-fMRI and rs-fMRI
concordance. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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g. 3. Ipsilesional precentral gyrus' activation as a fonchion of contralesional finger tapping performance in patients with lesions near motor cortex.
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Fig. 5. Left mferior gyrus’ activation (BA 44) as a fimction of verbal phonemic fluency in patients with lesions near Broca's area without aphasia. =-Scores of COWAT test are
standardized data. Minus values represent standard deviations below the average normal performance (0-value); positive values represent standard deviations above average normal

performance. BA: Brodmann area; COWAT: controlled oral word Association Test.



Fig. 6. RS-PMRI language networks. Left part: sagittal. coronal and axial views of frontal-language nefwork in a patient with a left frontal low-grade glioma presented with a good
performance on the verbal fluency test. Ipsilesional network z-value activation on BA 44 1s 6.82. Right part: sagittal. coronal and axial views of frontal-language network n a patient
with a left temporal low-grade glioma presented with low performance on verbal fluency test. Ipsilesional network z-value activation on BA 44 is 3.84. Functional images are super-
mmposed into anatomical images for both patients. Images are not radiological (left side is left hemisphere/right side 1s right hemusphere). BA: Brodmann area.




ipsilesional network activation 1s significantly lower (z-value = 1.66) than the contralesional one (z-value =10.2). Right part: sagittal. coronal and axial views of motor network in
a patient with a left frontal meningioma presented with no paresis but low performance on finger tapping task The ipsilesional network activation 1s lower (z-value =2.6) than the
contralesional one (z-value =4.4). Functional images are superimposed onto anatomical images for both patients. Images are not radiological (left side is left hemisphere/right side is
right henusphere).




Rs-TMRI & dleyxelpntikn xaptoypadnon

Cochereau et al., 2016

96 +11% meploxwv alobnonc-Kwvnong mou Bpednkav e
epeBlopo evrtorotnkav peoca o€ 10xA tng rs-FMRI
EVEPYOTIOLNONG

84124% % mepLoxwv alcbnong-kivnong rmou Bpednkav pe
epeOLopo evrorotnkav peca o€ 5xA tng rs-fMRI
EVEPYOTIOLNONG

92 + 21% meploxwv Aoyou Tou Bpednkav pe epeblopo
gvtoniotnkav peoa o€ 5y tng rs-FMRI evepyomoinong

70 + 41% mepLoxwv Aoyou 1ou BpeBnkav pe epeblopo
gvtoniotnkav peoca o€ 5y tng rs-fMRI evepyomnoinong

Illustrative case of stimulation points and resected cortex registration on patient’s anatomical imaging.
(A) FLAIR axial slices of a patient’s left fronto-opercular glioma. (B) Intraoperative photograph of the
cortical surface before (left) and afer (right) resection. Number tags represent cortical eloquent sites
elicited by DCS whereas letter tags represent tumor boundaries defined with intraoperative ultrasound
imaging. (C) Multiplanar reconstruction of preoperative 3DT1 MP-RAGE imaging. White
delineation5exposed cortical surface. Red delineation5resected cortex. Green dots5language stimulation
points reprensented with a 5 mm radius sphere. (NB: motor stimulation points are not visible here). (D)
Surface rendering (operative view) of the patient’s brain. Stimulation points are represented with 5 mm
radius spheres (blue for motor and green for language). Highlighted cortex5exposed cortical surface. Red
cortex5resected cortex. [Color figure can be viewed at wileyonlinelibrary.com]
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