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Results	
  

We find the temporal order judgments to more strongly activate the anterior TPJ, 
particularly in the left hemisphere, than discriminating visual contrast tasks, stronger 
in the left hemisphere. The left TPJ bias does not depend on the hemifield to which 
the subject is attending.

This anterior region of the TPJ region has been implicated in tasks that require atten-
tion, regardless of sensory modality (e.g. Downer et al, 2000).

The left hemifield activation in this study departs from findings using more direct 
measures (i.e. patient literature and TMS), which typically find more severe, full-field 
deficits in patients with damage in right parietal cortex (Hussein & Rorden, 2003; Bat-
telli et al. 2003; Woo et al., 2009).

The TPJ hemispheres differences across studies may reflect methodological  and and 
subject factors such as cortical reorganization in the chronic stroke patients, task-
related differences (e.g. the use of a location-based pre-cuing in this study), or the 
specific analysis (e.g. using the contrast task as comparison in the fMRI design).
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Patients with damage to the temporal parietal junction and surrounding 
parietal areas are impaired on tasks that measure attention, both in space 
and time (e.g. Posner, et al, 1984; Battelli et al, 2001). 

Whereas spatial attention deficits are often limited to the contralateral 
field, deficits in temporal attention are commonly bilateral (Battelli et al., 
2003; Husain and Rorden, 2003).  For example, patients with unilateral TPJ 
damage are impaired on temporal order judgments (”which came first?”) 
in both sides of the visual field (Battelli et al, 2003; Baylis et al, 2003).

This study seeks to measure the neural correlates of temporal attention 
using fMRI via a temporal order judgment paradigm.   

Using a 2x2 design, we compare neural activity for two tasks (temporal 
order judgment, contrast discrimination) as a function of visual hemifield  
(right or left). 

Participants: 
Stimuli:   
      phase (TOJ) 

      one mask lower constrast than the others (Contrast)
          
Experiment:   Subjects given task instructions before each block of  trials:  

             disks were in phase, or

                         

               condition (left TOJ, right TOJ, left Contrast, right Contrast)

Analysis:

  o TR: 2s
  o 32 slices
  o Voxel Size: 2 x 2 x 4 mm

  o 3D motion correction

  o Temporal Filtering (**) 
  o Linear trend removal

       o   Cortex-based alignment on surfaces curvature        
   maps for group analysis 
  o Gerenal Linear models for the main effect of task,  
   location
  o General Linear Models for the simple effects of  
   location
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Group main effect of task: TOJ vs. contrast)
(Left TOJ + Right TOJ) -(Left Contrast +Right Contrast)

Methods

Introduction

Simple Effects: TOJ vs. contrast task, left hemifield only
(Left TOJ)-(Left Contrast)

Simple Effects: TOJ vs. contrast task, right hemifield only
(Right TOJ)-(Right Contrast)

Results

Discussion

Main Effect Hemifield

TOJ task preferentially activates:
 planum temporale region of the TPJ complex (bilaterally)
     occipital temporal cortex (bilaterally) 
     small region on the ventral surface (left hemisphere)

TOJ task preferentially activates:
Left TPJ

 small region on the ventral surface (left hemisphere)

(Left TOJ + Left Contrast) -(Right TOJ + Right Contrast)

1000 ms

p < .01

p < .0001

p < .0001

p < .01

p < .0001

p < .0001

p < .01

p < .0001

p < .0001

The Contrast task preferentially activates:
      posterior STS region of the TPJ 
      the intraparietal sulcus (bilaterally)
      medial frontal sulcus (bilarally)
      ventrolateral prefrontal (bilaterally)

Contrast task preferentially activates:
anterior STS

TOJ task preferentially activates:
Bilateral TPJ 

 

Contrast task preferentially activates:
Intraparietal lobule (bilaterally)

p < .01

p < .0001

p < .0001

The expected contralateral activation 
in dorsal and ventral visual cortex

left hemisphere during the temporal order judgments.  
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Results:	
  	
  
1.  rTMS	
   significantly	
   decreased	
   FC	
  

between	
  leU	
  and	
  right	
  IPS,	
  with	
  recovery	
  
20	
  min	
  post-­‐s@mula@on.	
  

2.  rTMS	
  significantly	
  increased	
  FC	
  between	
  
leU	
   and	
   right	
   FEF	
   30	
   minutes	
   aUer	
  
s@mula@on.	
  	
  

3.  rTMS	
   over	
   IPS	
   did	
   not	
   impact	
   leU	
   and	
  
right	
  hMT+	
  connec@vity.	
  

Results:	
   rTMS	
   significantly	
   increased	
  
interregional	
   FC	
   in	
   the	
   uns@mulated	
  
hemisphere	
   approximately	
   48	
   minutes	
  
following	
  s@mula@on.	
  

IPS	
  homotopic	
  connec@vity	
  vs	
  behavior:	
  
•  Those	
  subjects	
  with	
  greatest	
  dynamic	
  

recovery	
   were	
   the	
   most	
   impaired	
   in	
  
tracking.	
   These	
   are	
   the	
   subjects	
  
where	
  the	
  rTMS	
  really	
  changed	
  FC.	
  

Network	
  integrity	
  and	
  interhemispheric	
  inhibi@on	
  in	
  the	
  parietal	
  cortex	
  are	
  linked	
  to	
  
healthy	
  control	
  of	
  visual	
  selec@ve	
  a)en@on	
  (Kinsbourne,	
  1977;	
  Ba)elli	
  et	
  al.,	
  2001;	
  
Baldassarre	
  et	
  al.,	
  2014)	
  
	
  
Repe@@ve	
   inhibitory	
   TMS	
   (rTMS)	
   disrupts	
   the	
   balance	
   of	
   interhemispheric	
   neural	
  
ac@vity	
  and	
  commensurately	
  impairs	
  visual	
  tracking	
  (Plow	
  et	
  al.,	
  2014)	
  
	
  
The	
   impact	
  of	
   rTMS	
  on	
  visual	
  performance	
  may	
  be	
  delayed	
  as	
   late	
  as	
  30	
  minutes	
  
following	
  s@mula@on	
  (Agosta	
  et	
  al.,	
  2014)	
  

Inhibitory	
   rTMS	
  over	
   leU	
   IPS	
   induced	
  widespread	
   changes	
   in	
   the	
   FC	
   of	
   the	
   dorsal	
  
a)en@on	
  network.	
  	
  
The	
  immediate	
  decreases	
  in	
  func@onal	
  connec@vity	
  

1.  homotopic	
  at	
  the	
  IPS	
  s@mula@on	
  site	
  
2.  Inter-­‐regional	
  to	
  the	
  s@mula@on	
  site	
  (IPS*-­‐FEF	
  and	
  IPS*-­‐	
  hMT+)	
  	
  
3.  Strongly	
  correlated	
  with	
  tracking	
  scores	
  
	
  

Delayed	
  increases	
  in	
  func@onal	
  connec@vity:	
  

1.  Homotopic	
  FEF	
  approximately	
  36	
  min	
  following	
  s@mula@on,	
  consistent	
  with	
  	
  
•  Agosta	
   et	
   al.	
   (2014)	
   finds	
   peak	
   impact	
   of	
   1Hz	
   offline	
   rTMS	
   on	
   right	
  

parietal	
  pa@ents	
  30	
  min	
  following	
  s@mula@on	
  
•  Hubl	
  et	
  al.	
  (2006)	
  reports	
  delayed	
  peak	
  impact	
  of	
  theta	
  burst	
  rTMS	
  over	
  

FEF	
  at	
  25	
  min	
  post-­‐s@mula@on	
  

2.  Inter-­‐regional	
   to	
   the	
   s@mula@on	
   site	
   (IPS*-­‐FEF	
   and	
   IPS*-­‐hMT+)	
  
approximately	
  50	
  min	
  following	
  s@mula@on	
  

Rela@onship	
  between	
  impact	
  of	
  rTMS	
  and	
  recovery:	
  
individual	
  subjects	
  

IPS	
  homotopic	
  connec@vity	
  vs	
  behavior	
  
•  Subjects	
   most	
   impacted	
   by	
   rTMS	
  

directly	
   aUer	
   s@mula@on	
   were	
   most	
  
impaired	
  in	
  tracking	
  and	
  had	
  the	
  most	
  
dynamic	
  recovery	
  (not	
  shown)	
  

IPS*-­‐hMT+	
  (leL	
  hemi)	
  vs	
  behavior:	
  
•  The	
   impact	
   of	
   rTMS	
   on	
   func@onal	
  

connec@vity	
  dynamics	
  spread	
  within	
  
the	
  s@mulated	
  hemisphere.	
  

Interhemispheric	
  Func@onal	
  Connec@vity	
  across	
  @me	
  

Intrahemispheric	
  Func@onal	
  Connec@vity	
  across	
  @me	
  

Results:	
   rTMS	
   significantly	
   decreased	
  
interregional	
   connec@vity	
   with	
   the	
  
s@mula@on	
   site,	
   with	
   recovery	
   20	
   min	
  
following	
  the	
  end	
  of	
  s@mula@on.	
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Ques@ons	
  
Goal:	
   To	
  measure	
   changes	
   in	
   func@onal	
   connec@vity	
   (FC)	
   in	
   a	
   simplified	
  model	
   of	
   three	
  
brain	
  regions	
  in	
  the	
  dorsal	
  a)en@on	
  network	
  engaged	
  by	
  visual	
  tracking:	
  the	
  intraparietal	
  
sulcus	
  (IPS),	
  frontal	
  eye	
  fields	
  (FEF)	
  and	
  human	
  MT+	
  (hMT+)	
  
	
  
1.  What	
  is	
  the	
  impact	
  of	
  rTMS	
  on	
  func@onal	
  connec@vity?	
  
2.  How	
  do	
  those	
  changes	
  unfold	
  over	
  @me?	
  
3.  How	
  are	
  those	
  FC	
  dynamics	
  linked	
  to	
  performance	
  on	
  a	
  sustained	
  a)en@on	
  task?	
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Tracking	
  task:	
  	
  
•  Subjects	
  monitored	
  

two	
  cued	
  spokes	
  of	
  a	
  
rota@ng	
  pinwheel	
  

•  4AFC	
  probe	
  aUer	
  3	
  
sec	
  rota@on	
  

Procedure:	
  
•  N	
  =	
  7	
  
•  Two	
  sessions,	
  counterbalanced	
  

Ø  	
  rTMS	
  (15	
  min	
  1Hz),	
  or	
  	
  
Ø  sham	
  (15	
  min	
  sham)	
  	
  

Session 1: 15min of 1 Hz TMS

Run 1: fMRI + Task 

  Session 2: 15min Sham TMS  

Run 2: fMRI + Task 

Run 3: fMRI + Task 

Run 4: fMRI + Task 

Rest

ΔFC	
  =	
  Change	
  in	
  func@onal	
  connec@vity	
  following	
  rTMS	
  as	
  compared	
  to	
  sham	
  
•  Dashed	
   lines	
   denote	
   sta@s@cal	
   significance,	
   as	
   computed	
   by	
   a	
   bootstrap	
  Monte	
   Carlo	
  
procedure	
  

•  Note:	
  *indicates	
  s@mulated	
  region	
  (leU	
  IPS)	
  

IPS	
  

hMT+	
  

FEF	
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Behavior	
  (TMS-­‐SHAM)	
  

-­‐0.2	
  

0	
  

0.2	
  

0.4	
  

-­‐0.4	
   -­‐0.2	
   0.0	
   0.2	
   0.4	
  

FC
	
  o
ve
r	
  @

m
e	
  

Behavior	
  (TMS-­‐SHAM)	
   -­‐0.2	
  

0	
  

0.2	
  

0.4	
  

-­‐0.4	
   -­‐0.2	
   0.0	
   0.2	
   0.4	
  

FC
	
  o
ve
r	
  @

m
e	
  

Behavior	
  (TMS-­‐SHAM)	
  

r	
  =	
  .53	
  

r	
  =	
  -­‐.78	
   r	
  =	
  -­‐.74	
  

fMRI	
  analysis:	
  
•  Data	
  preprocessing	
  in	
  Brain	
  Voyager	
  
•  Bilateral	
  ROIs	
  iden@fied	
  in	
  each	
  subject,	
  tracking	
  -­‐	
  rest	
  ac@vity	
  (TMS	
  and	
  sham)	
  
•  Func@onal	
  connec@vity	
  =	
  Pearson’s	
  r	
  computed	
  using	
  BOLD	
  @meseries	
  

IPS:	
  Intraparietal	
  sulcus	
  
FEF:	
  Frontal	
  eye	
  fields	
  
hMT+:	
  middle	
  temporal	
  area	
  

•  TMS	
  delivered	
  to	
  leU	
  IPS	
  
•  TMS	
  is	
  offline	
  (no	
  task)	
  
•  Subjects	
  tracked	
  during	
  fMRI	
  

scans	
  
Ø  Each	
  scan	
  12	
  min	
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