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The	
  nervous	
  system	
  can	
  be	
  studied	
  at	
  
mul2ple	
  spa2al	
  and	
  conceptual	
  levels	
  

•  Molecular	
  
–  Molecular	
  biology	
  applied	
  to	
  the	
  nervous	
  system	
  
–  Molecular	
  neuroanatomy,	
  mechanisms	
  of	
  molecular	
  signaling,	
  the	
  effects	
  of	
  

gene2cs	
  and	
  epigene2c,	
  molecular	
  basis	
  of	
  neuroplas2city	
  

•  Cellular	
  
–  Morphological	
  and	
  physiological	
  proper2es	
  of	
  neurons	
  

•  Systems	
  
–  Mechanisms	
  by	
  which	
  cells	
  form	
  networks	
  and	
  circuits	
  

•  Brain	
  neural	
  networks	
  (w/o	
  feedback)	
  and	
  neural	
  circuits	
  (w/	
  feedback)	
  
•  Reflexes,	
  mul2sensory	
  integra2on,	
  motor	
  coordina2on,	
  circadian	
  rhythms,	
  	
  
	
  	
  	
  	
  	
  	
  emo2onal	
  responses,	
  aTen2on,	
  learning,	
  and	
  memory	
  	
  

–  Neuroethology,	
  neuropsychology,	
  neuroendocrinology,	
  	
  
	
  	
  	
  	
  	
  	
  psychoneuroimmunology	
  

•  Cogni3ve	
  
–  How	
  psychological	
  func2ons	
  	
  
	
  	
  	
  	
  	
  	
  and	
  behavior	
  are	
  produced	
  by	
  brain	
  systems	
  

hTps://en.wikipedia.org/wiki/Dopamine#/media/File:Dopamine_3D_ball.png	
  
hTps://en.wikipedia.org/wiki/DNA#/media/File:ADN_anima2on.gif	
  
hTps://en.wikipedia.org/wiki/Biological_neural_network#/media/File:Brain_network.png	
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Commonly	
  used	
  neuroimaging	
  technologies	
  
•  Electromagne2c	
  (EEG,	
  MEG)	
  

–  Data	
  collec2on	
  very	
  fast	
  –	
  msecs	
  or	
  less	
  per	
  single	
  sample	
  
–  Excellent	
  temporal	
  resolu2on	
  
–  Spa2al	
  resolu2on	
  depends	
  in	
  part	
  on	
  source	
  loca2on	
  (depth)	
  

and	
  orienta2on	
  rela2ve	
  to	
  sensors	
  

•  Hemodynamic	
  (fMRI,	
  PET,	
  SPECT,	
  NIRS)	
  
–  Data	
  collec2on	
  speed:	
  NIRS	
  msecs,	
  fMRI	
  and	
  ASL	
  secs	
  
–  Sensi2ve	
  to	
  blood	
  volume,	
  oxygena2on,	
  	
  
	
  	
  	
  	
  	
  	
  and/or	
  flow	
  (slow	
  processes)	
  
–  Spa2al	
  resolu2on	
  limited	
  by	
  methods,	
  trade-­‐off	
  	
  
	
  	
  	
  	
  	
  	
  between	
  2me	
  and	
  volume	
  

•  Chemo	
  (PET,	
  SPECT,	
  MRS)	
  
–  Data	
  collec2on	
  takes	
  minutes/hours	
  per	
  sample	
  
–  Spa2al	
  resolu2on	
  limited	
  by	
  methods,	
  trade-­‐offs	
  between	
  
	
  	
  	
  	
  	
  	
  2me	
  and	
  resolu2on,	
  and	
  depends	
  on	
  what	
  isotope	
  is	
  	
  
	
  	
  	
  	
  	
  	
  used(PET,	
  SPECT)	
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Neuroimaging	
  has	
  produced	
  a	
  tremendous	
  
volume	
  of	
  informa2on…	
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fMRI	
  

EEG/ERP	
  

Number	
  of	
  publica2ons	
  per	
  year	
  men2oning	
  fMRI	
  or	
  EEG/ERP,	
  1992-­‐2015,	
  	
  from	
  Web	
  of	
  Science	
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…	
  has	
  been	
  expensive	
  …	
  

Number	
  and	
  cost	
  of	
  
funded	
  proposals	
  
men2oning	
  “fMRI”	
  
funded	
  through	
  NIH,	
  
2005-­‐2016	
  (from	
  NIH	
  
RePORTER)	
  
•  14,233	
  projects	
  and	
  
subprojects	
  
– Total	
  $6,152,143,137	
  

Projects	
  in	
  blue,	
  subprojects	
  in	
  green	
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…	
  has	
  produced	
  many	
  important	
  advances...	
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…	
  but	
  when	
  used	
  alone,	
  is	
  limited	
  in	
  its	
  usefulness.	
  
•  Correla2ons	
  found	
  in	
  neuroimaging	
  can	
  only	
  
be	
  used	
  to	
  make	
  inferences	
  about	
  causality	
  

•  Imaging	
  has	
  not	
  provided	
  much	
  in	
  the	
  way	
  of	
  
treatment	
  benefits	
  for	
  community	
  medicine,	
  
especially	
  for	
  mental	
  health	
  

•  S2mula2on	
  provides	
  new	
  ways	
  to	
  apply	
  
informa2on	
  gained	
  by	
  neuroimaging	
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Brain	
  s2mula2on	
  today	
  
tDCS,	
  tES	
  &	
  brain	
  polariza2on	
  

hTp://apps.weboknowledge.com	
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Effect	
  sizes	
  for	
  tDCS	
  enhancement	
  across	
  studies	
  
+	
  Increase,	
  -­‐	
  Decrease	
  (Avg.	
  [Max])	
  

•  Working	
  memory	
  
! d(+)=0.72	
  [+1.3],	
  d(-­‐)=-­‐0.43	
  [-­‐0.9]	
  

•  Explicit	
  memory	
  
! d(+)=0.96	
  [+1.3]	
  d(-­‐)=-­‐0.3	
  [-­‐0.5]	
  

•  Implicit	
  memory	
  
! d(+)=0.97	
  [+1.7]	
  d(-­‐)=-­‐0.2	
  [-­‐0.7]	
  

•  Percep2on	
  
! d(+)=1.28	
  [+1.6],	
  d(-­‐)=-­‐0.84	
  [-­‐2.0]	
  

•  ATen2on	
  
! d(+)=1.3	
  [+2.5],	
  d(-­‐)=-­‐1.2	
  [-­‐2.2]	
  

Coffman,	
  B.A.,	
  Clark,	
  V.P.,	
  Parasuraman	
  R.	
  	
  (2014).	
  BaTery	
  powered	
  thought:	
  A	
  review	
  of	
  methods	
  for	
  
cogni2ve	
  enhancement	
  using	
  transcranial	
  direct	
  current	
  s2mula2on.	
  NeuroImage,	
  85(3):895–908.	
  doi:pii:	
  

S1053-­‐8119(13)00855-­‐0.	
  10.1016/j.neuroimage.2013.07.083.	
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NIH	
  tDCS	
  grant	
  funding	
  per	
  year	
  

	
  ‘10	
  	
  	
  	
  	
  	
  	
  	
  ‘11	
  	
  	
  	
  	
  	
  	
  	
  	
  ’12	
  	
  	
  	
  	
  	
  	
  	
  	
  ’13	
  	
  	
  	
  	
  	
  	
  	
  ’14	
  	
  	
  	
  	
  	
  	
  	
  ’15	
  	
  

$2,251,503	
  

$2,070,390	
  

$4,215,271	
  

$6,246,162	
  

$8,664,238	
  

$15,064,355	
  

$0	
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From	
  hTp://grantome.com	
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There	
  are	
  two	
  major	
  ques3ons	
  regarding	
  neuros3mula3on	
  :	
  
•  Theory	
  and	
  mechanisms:	
  How	
  does	
  s3mula3on	
  work?	
  

–  How	
  does	
  s2mula2on	
  alter	
  brain	
  processes?	
  
–  What	
  does	
  this	
  tell	
  us	
  about	
  natural	
  brain	
  func2on?	
  

•  S2mula2on	
  as	
  a	
  tool:	
  What	
  are	
  the	
  most	
  effec3ve	
  ways	
  to	
  apply	
  
s3mula3on	
  …	
  
–  to	
  verify	
  hypotheses	
  generated	
  through	
  neuroimaging?	
  
–  to	
  enhance	
  cogni2on?	
  
–  to	
  suppress	
  symptoms	
  of	
  brain	
  and	
  mental	
  illness?	
  
–  to	
  delay,	
  prevent	
  or	
  cure	
  brain	
  and	
  mental	
  illness?	
  

•  Imaging	
  can	
  help	
  answer	
  both	
  types	
  of	
  ques3ons	
  
–  Need	
  imaging	
  to	
  perfect	
  s2mula2on	
  techniques	
  

•  Both	
  to	
  op2mize	
  effects	
  and	
  to	
  understand	
  mechanisms	
  (to	
  beTer	
  op2mize	
  effects)	
  

–  Iden2fy	
  physiological	
  mechanisms	
  that	
  underlie	
  the	
  effects	
  of	
  tES	
  	
  	
  
–  Iden2fy	
  short-­‐	
  and	
  long-­‐term	
  effects	
  at	
  the	
  molecular-­‐	
  and	
  circuit-­‐levels	
  
–  Iden2fy	
  differences	
  in	
  brain	
  effects	
  of	
  different	
  protocols	
  

•  Intensity,	
  dura2on,	
  electrode	
  posi2on,	
  polarity	
  etc.	
  
–  Inform	
  treatment	
  development	
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Examples	
  
•  Tes2ng	
  causal	
  hypotheses	
  derived	
  from	
  imaging	
  data	
  
and	
  op2mizing	
  s2mula2on	
  parameters	
  
–  fMRI:	
  Clark	
  et	
  al.	
  2012	
  
–  EEG:	
  Elbert	
  et	
  al.	
  1981	
  

•  Developing	
  individualized	
  protocols	
  	
  	
  
–  Ulm	
  et	
  al.	
  2015	
  
–  DaTa	
  et	
  al.	
  2012	
  

•  Mapping	
  E-­‐fields	
  in-­‐vivo	
  
–  Antal	
  et	
  al.	
  2012	
  

•  Iden2fy	
  brain	
  effects	
  of	
  tDCS	
  protocols	
  
–  Thoma	
  pilot	
  replica2on	
  of	
  Brunelin	
  et	
  al.	
  2012	
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Clark,	
  VP	
  et	
  al.	
  (2012)	
  TDCS	
  guided	
  using	
  fMRI	
  significantly	
  accelerates	
  learning	
  to	
  iden2fy	
  concealed	
  objects.	
  NeuroImage	
  59:117-­‐128.	
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Summary	
  

Clark,	
  VP	
  et	
  al.	
  (2012)	
  TDCS	
  guided	
  using	
  fMRI	
  significantly	
  accelerates	
  learning	
  to	
  iden2fy	
  concealed	
  objects.	
  NeuroImage	
  59:117-­‐128.	
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fMRI	
  data	
  predicts	
  tDCS	
  placements	
  that	
  enhance	
  learning	
  	
  

Neither	
  

Clark,	
  VP	
  et	
  al.	
  (2012)	
  TDCS	
  guided	
  using	
  fMRI	
  significantly	
  accelerates	
  learning	
  to	
  iden2fy	
  concealed	
  objects.	
  NeuroImage	
  59:117-­‐128.	
  	
  
Clark,	
  VP	
  et	
  al.	
  	
  (2013).	
  An	
  evolu2onary	
  perspec2ve	
  on	
  aTen2onal	
  processes.	
  	
  pp.	
  207–215.	
  In:	
  G.R.	
  Mangun	
  (Ed.)	
  Cogni2ve	
  Electrophysiology	
  of	
  ATen2on.	
  	
  Elsevier.	
  

Falcone,	
  B	
  et	
  al.	
  (2012).	
  Transcranial	
  direct	
  current	
  s2mula2on	
  augments	
  perceptual	
  sensi2vity	
  and	
  24-­‐hour	
  reten2on	
  in	
  a	
  complex	
  threat	
  detec2on	
  task.	
  	
  PLoS	
  ONE,	
  7(4):	
  e34993.	
  
Coffman,	
  BA	
  et	
  al.	
  	
  Impact	
  of	
  tDCS	
  on	
  performance	
  and	
  learning	
  of	
  target	
  detec2on:	
  Interac2on	
  with	
  s2mulus	
  characteris2cs	
  and	
  experimental	
  design.	
  Neuropsychologia,	
  50(7):1594-­‐1602.	
  

Coffman,	
  BA	
  et	
  al.	
  (2012).	
  Enhancement	
  of	
  object	
  detec2on	
  with	
  transcranial	
  direct	
  current	
  s2mula2on	
  is	
  associated	
  with	
  increased	
  aTen2on.	
  BMC	
  Neuroscience,	
  13:108.	
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A	
  replica2on	
  of	
  this	
  tDCS	
  effect	
  at	
  
another	
  ins2tu2on	
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d’	
  ß	
  

F(1,35)	
  =	
  0.133,	
  n.s.	
   F(1,35)=12.676,	
  p	
  <	
  0.001	
  

F(1,35)	
  =	
  7.050,	
  p	
  <	
  0.05	
  F(1,35)	
  =	
  14.584,	
  p	
  <	
  0.001	
  

Hit	
  Rate	
   False	
  Alarms	
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By	
  contrast	
  to	
  Horvath	
  et	
  al.	
  (2015),	
  tDCS	
  	
  
DOES	
  generate	
  a	
  reliable	
  effect	
  on	
  cogni2on	
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One	
  of	
  the	
  first	
  modern	
  tDCS	
  
experiments	
  was	
  based	
  on	
  ERPs	
  

Elbert	
  et	
  al.,	
  (1981)	
  The	
  influence	
  of	
  low-­‐level	
  transcor2cal	
  DC-­‐currents	
  on	
  response	
  speed	
  
in	
  humans.	
  Intern.	
  J.	
  Neuroscience,	
  14:101-­‐114.	
  

Thomas	
  Elbert	
  with	
  Niels	
  
Birbaumer,	
  1981	
  
– Applied	
  0.3	
  mA	
  (Cz	
  vs.	
  ear)	
  
– Speeded	
  reac2on	
  2mes	
  in	
  
a	
  simple	
  RT	
  task	
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The	
  CNV	
  can	
  be	
  modulated	
  with	
  
neurofeedback	
  

Elbert	
  et	
  al.,	
  (1981)	
  The	
  influence	
  of	
  low-­‐level	
  transcor2cal	
  DC-­‐currents	
  on	
  response	
  speed	
  
in	
  humans.	
  Intern.	
  J.	
  Neuroscience,	
  14:101-­‐114.	
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One	
  of	
  the	
  first	
  modern	
  tDCS	
  
experiments	
  was	
  based	
  on	
  ERPs	
  

Elbert	
  et	
  al.,	
  (1981)	
  The	
  influence	
  of	
  low-­‐level	
  transcor2cal	
  DC-­‐currents	
  on	
  response	
  speed	
  
in	
  humans.	
  Intern.	
  J.	
  Neuroscience,	
  14:101-­‐114.	
  

Thomas	
  Elbert	
  with	
  Niels	
  
Birbaumer,	
  1981	
  
– Applied	
  0.3	
  mA	
  (Cz	
  vs.	
  ear)	
  
– Speeded	
  reac2on	
  2mes	
  in	
  
a	
  simple	
  RT	
  task	
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Using	
  neuroimaging	
  to	
  perform	
  
individualized	
  s2mula2on	
  

•  Ulm,	
  L.	
  et	
  al.	
  (2015)	
  Front.	
  Hum.	
  Neurosci.	
  9:550	
  explored	
  
effects	
  of	
  tDCS	
  in	
  aphasia	
  during	
  simultaneous	
  fMRI	
  	
  
–  Single	
  subject,	
  cross-­‐over,	
  sham-­‐tDCS	
  controlled	
  design	
  

•  Performed	
  picture	
  naming	
  task	
  with	
  fMRI	
  
•  Peak	
  fMRI	
  ac2vity	
  was	
  located	
  in	
  the	
  spared	
  lew	
  inferior	
  

frontal	
  gyrus	
  	
  
–  This	
  area	
  was	
  s2mulated	
  with	
  anodal	
  tDCS	
  
–  tDCS	
  increased	
  ac2vity	
  at	
  the	
  s2mula2on	
  site	
  	
  

•  Demonstrated	
  feasibility	
  of	
  targe2ng	
  an	
  individualized	
  
s2mula2on	
  site	
  in	
  aphasia	
  pa2ents	
  during	
  simultaneous	
  fMRI	
  	
  

•  Similar	
  methods	
  may	
  yield	
  informa2on	
  about	
  the	
  variability	
  of	
  
tDCS	
  effects	
  on	
  brain	
  func2on	
  

Ulm,	
  L.	
  et	
  al.	
  (2015)	
  Neural	
  mechanisms	
  underlying	
  perilesional	
  transcranial	
  direct	
  current	
  s2mula2on	
  in	
  aphasia:	
  A	
  feasibility	
  study.	
  Front.	
  Hum.	
  Neurosci.	
  9:550.	
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Structural	
  lesion,	
  fMRI	
  results	
  and	
  
electrode	
  placement	
  

Ulm,	
  L.	
  et	
  al.	
  (2015)	
  Neural	
  mechanisms	
  underlying	
  perilesional	
  transcranial	
  direct	
  current	
  s2mula2on	
  in	
  aphasia:	
  A	
  feasibility	
  study.	
  Front.	
  Hum.	
  Neurosci.	
  9:550.	
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Effects	
  of	
  tDCS	
  on	
  fMRI	
  response	
  

Ulm,	
  L.	
  et	
  al.	
  (2015)	
  Neural	
  mechanisms	
  underlying	
  perilesional	
  transcranial	
  direct	
  current	
  s2mula2on	
  in	
  aphasia:	
  A	
  feasibility	
  study.	
  Front.	
  Hum.	
  Neurosci.	
  9:550.	
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Using	
  sMRI	
  to	
  model	
  current	
  flow	
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Comparing	
  models	
  from	
  3	
  subjects	
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Imaging	
  might	
  be	
  used	
  to	
  track	
  current	
  flow	
  in-­‐vivo	
  

Antal	
  et	
  al.	
  (2014)	
  Imaging	
  ar2facts	
  induced	
  by	
  electrical	
  s2mula2on	
  during	
  conven2onal	
  
fMRI	
  of	
  the	
  brain.	
  NeuroImage	
  85(3):1040-­‐1047.	
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Anodal	
  vs.	
  cathodal	
  current	
  

Antal	
  et	
  al.	
  (2014)	
  Imaging	
  ar2facts	
  induced	
  by	
  electrical	
  s2mula2on	
  during	
  conven2onal	
  
fMRI	
  of	
  the	
  brain.	
  NeuroImage	
  85(3):1040-­‐1047.	
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What	
  are	
  the	
  neurochemical	
  effects	
  of	
  tDCS?	
  
•  Tesla	
  Siemens	
  Trio	
  MRI,	
  tested	
  before	
  and	
  awer	
  tDCS	
  	
  
•  2	
  single	
  voxel	
  1H-­‐MRS	
  acquisi2ons,	
  centered	
  on	
  the	
  parietal	
  sulcus	
  of	
  each	
  hemisphere	
  	
  
•  PRESS	
  with	
  and	
  without	
  water	
  suppression;	
  TR/TE=1.5s/40ms;	
  8	
  cm3	
  
•  30	
  minutes	
  of	
  2.0	
  mA	
  anodal	
  tDCS	
  over	
  P4,	
  cathode	
  placed	
  on	
  the	
  upper	
  lew	
  arm.	
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tDCS	
  increases	
  Glu/Gln	
  and	
  NAA	
  
•  Combined	
  glutamine	
  and	
  glutamate	
  (Glx)	
  concentra2on	
  

–  Glx	
  significantly	
  higher	
  in	
  the	
  right	
  voxel	
  awer	
  tDCS	
  (15.7	
  mM)	
  rela2ve	
  to	
  before	
  13.6	
  mM	
  
•  t=2.87,	
  p=0.01,	
  not	
  contralateral	
  hemisphere	
  (t=1.61,	
  N.S.)	
  

•  Combined	
  N-­‐acetylaspartate	
  and	
  N-­‐acetylaspartylglutamate	
  (tNAA)	
  concentra2ons	
  	
  
–  Higher	
  in	
  right	
  parietal	
  cortex	
  (17.4	
  mM	
  vs.	
  before	
  16.64	
  mM,	
  t=2.91,	
  p=0.011)	
  
–  Not	
  in	
  lew	
  parietal	
  cortex	
  (t=1.12,	
  N.S.).	
  

•  No	
  significant	
  changes	
  in	
  crea2ne	
  or	
  inositol	
  
•  Results	
  not	
  confounded	
  by	
  gray	
  maTer	
  frac2on	
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  Changes	
  in	
  combined	
  Glutamate	
  &	
  Glutamine	
  (Glx)	
  and	
  
tNAA	
  with	
  tDCS	
  

	
  
•  MRS	
  study	
  of	
  brain	
  metabolites	
  in	
  response	
  to	
  tDCS	
  over	
  right	
  parietal	
  cortex	
  
•  Significant	
  increase	
  in	
  Glx	
  (F(1,6)	
  =	
  9.40,	
  p	
  =	
  0.022)	
  and	
  tNAA	
  (F(1,6)	
  =	
  9.24,	
  p	
  =	
  

0.023)	
  under	
  electrode,	
  but	
  not	
  in	
  opposite	
  hemisphere	
  
•  Significant	
  interac2on	
  between	
  right	
  and	
  lew	
  hemispheres	
  for	
  tNAA	
  (F(1,6)	
  =	
  

9.673,	
  p	
  =	
  0.020)	
  
•  Increased	
  glutamatergic	
  ac3vity	
  (Glx)	
  and	
  increased	
  metabolism	
  (tNAA)	
  

together	
  suggest	
  that	
  tDCS	
  may	
  lead	
  to	
  increased	
  plas3city.	
  
	
  	
  

VP	
  Clark	
  NIH	
  TES	
  mee2ng	
  Sept	
  28,	
  2016	
  	
  



 
Func2onal	
  network	
  connec2vity	
  correlates	
  

with	
  post-­‐tDCS	
  Glx	
  	
  
	
  

Hunter,	
  M.A.,	
  Coffman,	
  B.A.,	
  Gasparovic,	
  C.,	
  Calhoun,	
  V.D.,	
  Trumbo,	
  M.C.,	
  Clark,	
  V.P.	
  (2015).	
  
Baseline	
  effects	
  of	
  transcranial	
  direct	
  current	
  s2mula2on	
  on	
  glutamatergic	
  neurotransmission	
  
and	
  large-­‐scale	
  network	
  connec2vity.	
  	
  Brain	
  Research,	
  1594:92-­‐107.	
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Hone-­‐Blanchet,	
  A.	
  et	
  al.	
  (2016)	
  Online	
  Effects	
  of	
  Transcranial	
  Direct	
  Current	
  S2mula2on	
  in	
  Real	
  Time	
  on	
  Human	
  Prefrontal	
  and	
  	
  
Striatal	
  Metabolites.	
  Biol	
  Psychiatry,	
  80(6):432-­‐438.	
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MRS	
  voxels	
  

Hone-­‐Blanchet,	
  A.	
  et	
  al.	
  (2016)	
  Online	
  Effects	
  of	
  Transcranial	
  Direct	
  Current	
  S2mula2on	
  in	
  Real	
  Time	
  on	
  Human	
  Prefrontal	
  and	
  	
  
Striatal	
  Metabolites.	
  Biol	
  Psychiatry,	
  80(6):432-­‐438.	
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MRS	
  results	
  –	
  Eleva2on	
  of	
  NAA	
  and	
  Glx	
  

Hone-­‐Blanchet,	
  A.	
  et	
  al.	
  (2016)	
  Online	
  Effects	
  of	
  Transcranial	
  Direct	
  Current	
  S2mula2on	
  in	
  Real	
  Time	
  on	
  Human	
  Prefrontal	
  and	
  	
  
Striatal	
  Metabolites.	
  Biol	
  Psychiatry,	
  80(6):432-­‐438.	
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Brunelin	
  AVH	
  protocol	
  
•  Anode	
  over	
  lew	
  DLPFC,	
  cathode	
  over	
  lew	
  
temporoparietal	
  cortex	
  (TPC)	
  to	
  reduce	
  
auditory	
  verbal	
  hallucina2ons	
  (AVH;	
  Brunelin	
  
et	
  al.,	
  	
  2012)	
  
– 30	
  Sz	
  pts	
  
– 20	
  min	
  per	
  session,	
  2	
  sessions	
  per	
  day	
  for	
  5	
  days	
  
– Reduced	
  AVH	
  for	
  up	
  	
  to	
  three	
  months,	
  with	
  	
  a	
  	
  
reduc2on	
  of	
  	
  nega2ve	
  symptoms	
  and	
  improved	
  
insight	
  	
  

Brunelin	
  et	
  al.	
  (2012)	
  Examining	
  transcranial	
  direct-­‐current	
  s2mula2on	
  (tDCS)	
  as	
  a	
  treatment	
  for	
  
hallucina2ons	
  in	
  schizophrenia.	
  Am	
  J	
  Psychiatry;	
  169:719–724	
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+	
  

-­‐	
  
Brunelin	
  et	
  al.	
  (2012)	
  Examining	
  transcranial	
  direct-­‐current	
  s2mula2on	
  (tDCS)	
  as	
  a	
  treatment	
  
for	
  hallucina2ons	
  in	
  schizophrenia.	
  Am	
  J	
  Psychiatry;	
  169:719–724	
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Brunelin	
  et	
  al.	
  (2012),	
  	
  
Am	
  J	
  Psychiatry	
  169:719–724	
  

Brunelin	
  et	
  al.	
  (2012)	
  Examining	
  transcranial	
  direct-­‐current	
  s2mula2on	
  (tDCS)	
  as	
  a	
  treatment	
  for	
  
hallucina2ons	
  in	
  schizophrenia.	
  Am	
  J	
  Psychiatry;	
  169:719–724	
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Looking	
  for	
  effects	
  of	
  s2mula2on	
  
•  PI:	
  Robert	
  Thoma,	
  PhD	
  
•  Replica2ng	
  Brunelin	
  et	
  al.	
  2012	
  
– 2.0	
  mA,	
  20	
  min.,	
  2x	
  day,	
  (10	
  sessions	
  over	
  1	
  
week)	
  
– 7x5	
  cm	
  (35	
  cm2)	
  sponge	
  electrodes	
  
– Anode	
  over	
  the	
  lew	
  DLPFC	
  
• midway	
  between	
  F3	
  and	
  FP1	
  

– Cathode	
  over	
  lew	
  temporo-­‐parietal	
  cortex	
  
• midway	
  between	
  T3	
  and	
  P3	
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Brunelin	
  et	
  al.,	
  2012	
   Bob	
  Thoma	
  pilot	
  replica2on	
  
—PSYRATS	
  total	
  score	
  

40.00%	
  

50.00%	
  

60.00%	
  

70.00%	
  

80.00%	
  

90.00%	
  

100.00%	
  

Baseline	
   Awer	
  tDCS	
   1	
  Month	
  Followup	
  

Comparison	
  with	
  Brunelin	
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Reduc>on	
  in	
  fMRI	
  response	
  to	
  recorded	
  voices	
  awer	
  tDCS	
  (N	
  =	
  5)	
  
	
  pre-­‐tDCS	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  post-­‐tDCS	
  

fMRI	
  effects	
  

VP	
  Clark	
  NIH	
  TES	
  mee2ng	
  Sept	
  28,	
  2016	
  	
  



Effect Size 
Cohen’s d = .78 

Effect Size 
Cohen’s d = .015 

Auditory	
  Cortex	
  

MEG	
  effects	
  
• MRN	
  Electa	
  Neuromag	
  306-­‐channel	
  MEG	
  at	
  1200	
  Hz	
  sampling	
  rate	
  
• Reduc>on	
  in	
  spectral	
  density	
  data	
  awer	
  tDCS	
  (N	
  =	
  5) 
	
  
	
  

Visual	
  Cortex	
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How	
  many	
  possible	
  tDCS	
  protocols	
  are	
  there?	
  
•  Unique	
  electrode	
  loca2ons	
  (2	
  electrodes,	
  at	
  least	
  1	
  on	
  the	
  scalp):	
  [6,142	
  to	
  

153,180]	
  
–  10-­‐20	
  system	
  =	
  74	
  unique	
  scalp	
  loca2ons	
  
–  “10-­‐5”	
  system	
  =	
  345	
  (Oostenveld	
  &	
  Praamstra	
  ’01)	
  
–  Cephalic	
  but	
  non-­‐scalp	
  “return”	
  loca2ons	
  (avoiding	
  the	
  heart):	
  8-­‐100	
  

•  Electrode	
  size	
  (Current	
  density,	
  2	
  electrodes):	
  [10–1032]	
  
–  1	
  cm2	
  to	
  226	
  cm2	
  (List	
  of	
  Amrex	
  sizes	
  /	
  1	
  cm2	
  increments)	
  

•  Electrode	
  number	
  [2-­‐128]	
  
•  Current	
  strengths:	
  [5-­‐25]	
  

–  0.1	
  to	
  2.5	
  mA	
  (0.5	
  mA	
  increments	
  /	
  0.1	
  mA	
  increments)	
  

•  Polari2es:	
  2	
  
•  Dura2ons:	
  [5-­‐35]	
  

–  5	
  to	
  40	
  minutes	
  (5	
  minute	
  increments	
  /	
  1	
  min	
  increments)	
  

Minimum:	
  6,142*5*2*7*10	
  =	
  4,299,400	
  
Maximum	
  (?):	
  153,180*25*2*40*226*126	
  =	
  8,723,907,360,000	
  

-­‐OR-­‐	
  

4.3	
  million	
  to	
  8.7	
  trillion	
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What	
  different	
  types	
  of	
  current	
  
modula2on	
  are	
  there?	
  

•  tDCS	
  
	
  
•  tACS	
  
	
  
•  tRNS	
  
	
  
•  Pulsed	
  
•  …	
  and	
  many	
  others	
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How	
  many	
  tES	
  protocols?	
  
•  Combining	
  DC,	
  AC,	
  Noise	
  (RN)	
  and	
  pulsed	
  protocols	
  
–  tDCS	
  protocols:	
  [4,299,401	
  -­‐	
  8,723,907,360,000]	
  
–  tACS:	
  

•  Frequency:	
  [101-­‐10,001]	
  
–  0.01	
  –	
  100	
  Hz	
  (1	
  Hz	
  increments	
  /	
  0.01	
  Hz	
  increments)	
  

•  Note:	
  high	
  current	
  amplitudes	
  are	
  beTer	
  tolerated	
  using	
  AC	
  

–  tRNS:	
  [2-­‐101]	
  
•  Pink/white/etc.	
  

–  Pulsed:	
  [2-­‐101]	
  
Minimum:	
  1,736,958,004	
  	
  

Maximum:	
  890,014,782,372,579,000,000	
  
-­‐	
  Or	
  -­‐	
  

Up	
  to	
  890	
  quin3llion	
  unique	
  tES	
  protocols	
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How	
  many	
  other	
  forms	
  of	
  neuromodula2on	
  are	
  there?	
  

• Ultrasound	
  
– 	
  Loca2on,	
  emiTer	
  area	
  and	
  “focusing”	
  angle,	
  frequencies,	
  dura2on,	
  
amplitude…	
  

• Magne2c	
  S2mula2on	
  
– 	
  TMS	
  (Single-­‐pulse,	
  Paired-­‐pulse,	
  Low	
  frequency,	
  High	
  frequency,	
  Theta	
  
burst)	
  
– 	
  Low	
  field	
  magne2c	
  s2mula2on	
  (LFMS)	
  

• Electromagne2c	
  radia2on	
  (light)	
  	
  	
  
– 	
  Loca2on,	
  frequency,	
  dura2on,	
  amplitude…	
  

• Physical	
  pressure	
  
– 	
  Acupuncture,	
  Acupressure,	
  Massage,	
  Chiroprac2c,	
  Cranio-­‐sacral	
  therapy,	
  
Kinesiology,…	
  

• Medita2on/Mindfulness,	
  Yoga,	
  Hypno2sm,	
  …	
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Why	
  combine	
  imaging	
  and	
  s2mula2on?	
  
•  Together	
  they	
  might	
  provide	
  a	
  beTer	
  understanding	
  of	
  
human	
  brain	
  organiza2on	
  
–  S2mula2on	
  can	
  be	
  used	
  to	
  test	
  hypotheses	
  derived	
  from	
  brain	
  
imaging	
  

–  Imaging	
  can	
  be	
  used	
  to	
  beTer	
  understand	
  the	
  neural	
  mechanisms	
  
of	
  s2mula2on	
  on	
  behavior	
  

•  Imaging	
  might	
  be	
  used	
  to	
  choose	
  beTer	
  s2mula2on	
  
protocols	
  
–  A	
  nearly	
  infinite	
  number	
  are	
  possible,	
  can	
  only	
  use	
  one	
  at	
  a	
  2me	
  
–  Individualized	
  s2mula2on	
  

•  Ul2mately	
  could	
  lead	
  to	
  safer,	
  cheaper	
  and	
  more	
  effec2ve	
  
treatments	
  for	
  brain	
  and	
  mental	
  illness,	
  and	
  turn	
  decades	
  
of	
  our	
  hard	
  work	
  into	
  real-­‐world	
  benefits	
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Speakers:	
  Peter	
  Fox,	
  Peter	
  Bandegni,	
  
Marom	
  Bikson,	
  Michael	
  Nitsche,	
  others	
  	
  



Geneva	
  Brain	
  S2mula2on	
  and	
  
Imaging	
  Mee2ng	
  

Campus	
  Biotech,	
  Geneva,	
  Switzerland,	
  June	
  24-­‐25,	
  2016	
  

Speakers:	
  Sarah	
  Lisanby,	
  Michael	
  Fox,	
  Peter	
  Tass,	
  
Ashesh	
  Mehta,	
  Christoph	
  Herrmann,	
  Don	
  Tucker,	
  
Pedro	
  Cavaleiro	
  Miranda,	
  others.	
  	
  

VP	
  Clark	
  NIH	
  TES	
  mee2ng	
  Sept	
  28,	
  2016	
  	
  



Announcing	
  the	
  Vancouver	
  Brain	
  
S2mula2on	
  and	
  Imaging	
  Mee2ng	
  

June	
  23-­‐24,	
  2017	
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Take-­‐home	
  summary	
  slide	
  
•  There	
  are	
  many	
  ways	
  that	
  neuroimaging	
  can	
  be	
  used	
  to	
  

improve	
  neuros2mula2on,	
  and	
  conversely,	
  that	
  
neuros2mula2on	
  can	
  benefit	
  the	
  efforts	
  of	
  neuroimaging	
  

•  We	
  need	
  to	
  find	
  markers	
  for	
  predic2ng	
  variability	
  in	
  tDCS	
  
response	
  

•  We	
  must	
  be	
  careful	
  not	
  to	
  over-­‐generalize	
  rela2onships	
  
–  There	
  are	
  nearly	
  infinite	
  ways	
  to	
  apply	
  electrical	
  current,	
  each	
  
may	
  have	
  different	
  effects	
  

•  Large,	
  boring	
  studies	
  on	
  effects	
  of	
  s2mula2on	
  parameters	
  
must	
  be	
  done	
  
–  We	
  need	
  to	
  be	
  really	
  thorough	
  in	
  looking	
  for	
  rela2onships	
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