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NIRS	
  and	
  fNIRS	
  in	
  clinical	
  seUngs	
  	
  

and	
  	
  
clinical	
  research	
  

	
  
What	
  expecta5ons	
  ?	
  

	
  



Many	
  fields!	
  
•  Cerebral	
  applica+ons	
  

–  Screening	
  for	
  sub\le	
  cogni5ve	
  impairments	
  
–  Assessing	
  double	
  tasks	
  ability	
  	
  and	
  a\en5onnal	
  state	
  
–  Understanding	
  brain	
  –	
  muscle	
  «	
  dialogue	
  »	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  posi5ve	
  effects	
  of	
  exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  

•  Muscular	
  and	
  vascular	
  applica+ons	
  
–  Assessing	
  microcircula5on	
  disorders	
  in	
  pa5ents	
  with	
  Cvasc	
  risk	
  factors	
  
–  Assessing	
  muscle	
  metabolism	
  

•  Determining	
  ven5latory	
  treshold	
  
•  Improvements	
  a`er	
  an	
  exercise	
  training	
  program	
  
•  During	
  eccentric	
  exercise	
  !	
  improving	
  its	
  prescrip5on	
  

–  Assessing	
  prognosis	
  in	
  amputees	
  



Are	
  all	
  these	
  expecta5ons	
  achievable?	
  	
  



NIRS at the brain level 

Ac+va+on	
  	
  
Hb02	
  ↑	
  /	
  HHb↓	
  or	
  =	
  

«	
  Deac+va+on	
  »	
  
↓	
  Hb02	
  /	
  ↑	
  HHb	
  

Ekkekakis	
  P,	
  J	
  Sports	
  
Ex	
  Psychol	
  2009	
  



1	
  -­‐	
  Early	
  screening	
  for	
  sub\le	
  cogni5ve	
  impairments	
  ?	
  

•  At	
  rest	
  
•  During	
  cogni5ve	
  tasks	
  
•  In	
  ecological	
  condi5ons	
  



•  Color-­‐coded	
  duplex	
  ultrasonography:	
  Total	
  Cerebral	
  Blood	
  flow	
  

•  Spa5ally	
  resolved	
  NIRS:	
  TOI	
  (O2Hb/tHb)	
  +	
  CMRO2	
  calcula5on	
  

«	
  Neurovascular	
  decoupling	
  »	
  

Optode	
  posi+on??	
  
	
  



A	
  tool	
  to	
  decrease	
  post-­‐opera5ve	
  neurological	
  and	
  cogni5ve	
  troubles	
  
during	
  coronary	
  artery	
  bypass	
  with	
  extracorporeal	
  circula5on?	
  

200	
  pa5ents	
  

100	
  pa5ents	
  
NIRS-­‐based	
  algorythm	
  

treatment	
  

100	
  pa5ents	
  
«	
  Hidden	
  »	
  NIRS	
  

Stroke:	
  3.2%	
  
Neuropsychological	
  

troubles:	
  65%	
  
-­‐25%	
  

Murkin,	
  Anesth	
  Aanalg	
  2007	
  	
  

25-­‐80%	
  
Funder,	
  2009	
  



1	
  -­‐	
  Early	
  screening	
  for	
  sub\le	
  cogni5ve	
  impairments	
  ?	
  

•  At	
  rest	
  
•  During	
  cogni5ve	
  tasks	
  :	
  	
  
	
  understanding	
  (and	
  preven5ng?)	
  age-­‐related	
  
	
  cogni5ve	
  decline	
  
	
  	
  

•  In	
  ecological	
  condi5ons	
  



Denomina5on	
  Inhibi5on	
  Switching	
  







•  Inhibi5on	
  and	
  switching	
  are	
  associated	
  with	
  
different	
  pa\erns	
  of	
  pre-­‐frontal	
  ac5va5on	
  
	
   	
  	
  

•  Age-­‐related	
  difference	
  in	
  these	
  pa\erns:	
  
	
  prefrontal	
  ac5va5on	
  more	
  spread	
  out	
  in	
  older	
  

	
   	
  à	
  	
  Mul+modal	
  cogni+ve	
  s+mula+on++	
  
	
  



1	
  -­‐	
  Early	
  screening	
  for	
  sub\le	
  cogni5ve	
  impairments	
  ?	
  

•  At	
  rest	
  
•  During	
  cogni5ve	
  tasks	
  
•  In	
  more	
  ecological	
  condi5ons	
  :	
  double	
  task	
  



Perspec5ves	
  

+	
  



2	
  –	
  Assessing	
  double	
  task	
  ability	
  



2	
  –	
  Assessing	
  double	
  task	
  ability	
  

Low	
  exercise	
  capacity	
  in	
  elderlies,	
  chronic	
  heart	
  failure,	
  chronic	
  
diseases…	
  

	
  
	
   	
   	
   	
   	
   	
   	
  !	
  risk	
  of	
  falls	
  







	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



•  8	
  Subjects:	
  le`	
  Hangrip	
  while	
  	
  
–  Cycling	
  outdoor	
  
–  Cycling	
  indoor	
  
–  SiUng	
  



Perspec5ves	
  

«	
  Stop	
  talking	
  when	
  walking	
  »	
  test	
  

+	
  



Perspec5ves	
  



3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  



3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  Posi5ve	
  effects	
  of	
  exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  







3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  Posi5ve	
  effects	
  of	
  fitness/exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  



Left PFC NIRS during  
incremental exercise 

EFFORT	
   RÉCUP	
  

O2Hb	
  

HHb	
  



Cognitive performance at rest and  Left PFC NIRS during exercise 
in coronary artery disease patients 

21	
  CAD	
  pa5ents	
  

<50e	
  =	
  12.	
  (69,8	
  years)	
  

>50e=	
  9	
  (72,4	
  years)	
  

	
  TMTB	
  Percen5le	
  

NO	
  DIFFERENCE	
  



Cognitive performance, Fitness 
and Left PFC NIRS during exercise, 
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Cognitive performance, Fitness 
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Effects	
  of	
  interval	
  training	
  on	
  cogni+ve	
  func+on	
  and	
  cerebral	
  
oxygena+on	
  in	
  obese	
  pa+ents:	
  a	
  pilot	
  study	
  
J	
  Drigny,	
  V	
  Gremeaux,	
  O	
  Dupuy,	
  M	
  Gayda,	
  L	
  Bherer,	
  M	
  Juneau,	
  A	
  Nigam	
  
In	
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  J	
  Rehab	
  Med	
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  p=0,06	
  

•  Executive functions 



NIRS at the brain level during incremental exercise 

-­‐6	
  

-­‐4	
  

-­‐2	
  

0	
  

2	
  

4	
  

6	
  

8	
  

10	
  

*	
  	
  *	
  

-­‐6	
  

-­‐4	
  

-­‐2	
  

0	
  

2	
  

4	
  

6	
  

8	
  

10	
  

12	
  

•  O2Hb •  HHb 
Before	
  
A`er	
  





AIT	
   MICE	
   Usual	
  care	
  



3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  Posi5ve	
  effects	
  of	
  exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  



Ventrolateral	
  part	
  of	
  frontal	
  lobe	
  
Suda	
  et	
  al,	
  2009	
  

	
  



3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  Posi5ve	
  effects	
  of	
  exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  





3-­‐	
  Understanding	
  brain-­‐muscle	
  dialogue	
  

•  Central	
  part	
  of	
  exercise	
  intolerance	
  
•  Posi5ve	
  effects	
  of	
  exercise	
  on	
  cogni5ve	
  func5ons	
  
•  Interac5on	
  physical	
  –	
  mental	
  fa5gue	
  
•  Iden5fying	
  neuroplas5city	
  induced	
  by	
  rehabilita5on	
  

	
   	
  promo5ng	
  mental	
  imaging?	
  



Adv	
  Exp	
  Med	
  Biol.	
  2006;578:185-­‐90.	
  
NIRS-­‐detected	
  changes	
  in	
  
the	
  motor	
  cortex	
  during	
  mental	
  rehearsal	
  of	
  physical	
  ac+vity	
  (imaginary	
  exercise).	
  
Cooper	
  CE,	
  Pryor	
  D,	
  Hall	
  C,	
  Griffin	
  M.	
  
h\p://link.springer.com/chapter/10.1007%2F0-­‐387-­‐29540-­‐2_30	
  



Adv	
  Exp	
  Med	
  Biol.	
  2006;578:185-­‐90.	
  
NIRS-­‐detected	
  changes	
  in	
  
the	
  arm	
  during	
  mental	
  rehearsal	
  of	
  physical	
  ac+vity	
  (imaginary	
  exercise).	
  
Cooper	
  CE,	
  Pryor	
  D,	
  Hall	
  C,	
  Griffin	
  M.	
  
h\p://link.springer.com/chapter/10.1007%2F0-­‐387-­‐29540-­‐2_30	
  

«	
  Imagery	
  of	
  a	
  motor	
  task	
  in	
  an	
  injured	
  limb	
  may	
  be	
  
a	
  way	
  of	
  promo5ng	
  flow	
  and	
  healing	
  in	
  a	
  limb	
  that	
  

would	
  otherwise	
  be	
  dormant	
  »	
  	
  



Muscular	
  and	
  vascular	
  applica5ons	
  



1-­‐	
  Assess	
  microvascular	
  func5on	
  in	
  healthy	
  subjects	
  and	
  pa5ents	
  
with	
  cardio-­‐metabolic	
  diseases?	
  







Only	
  A.U.C	
  of	
  O2Hb	
  was	
  related	
  to	
  CV	
  
risk	
  numbers	
  whereas	
  FMD	
  was	
  not	
  



2-­‐	
  Assessing	
  muscle	
  metabolism	
  during	
  exercise?	
  

•  Determining	
  ven5latory	
  treshold?	
  
•  Improvements	
  a`er	
  a	
  training	
  program	
  
•  During	
  eccentric	
  exercise	
  !	
  improving	
  its	
  prescrip5on	
  



AT=	
  70%	
  VOmax	
  
D1=70%	
  VO2max	
  
R=	
  0.653,	
  NS	
  

RCP=	
  88%	
  VO2max	
  	
  
D2=	
  89%	
  VO2max	
  
R=	
  0.747	
  ,	
  p<0.05	
  



2-­‐	
  Assessing	
  muscle	
  metabolism	
  during	
  exercise?	
  

•  Determining	
  ven5latory	
  treshold?	
  
•  Improvements	
  a`er	
  a	
  training	
  program	
  
•  During	
  eccentric	
  exercise	
  !	
  improving	
  its	
  prescrip5on	
  



	
  «	
  HIT	
  changes	
  the	
  muscle	
  deoxygena5on	
  
profile	
  during	
  incremental	
  exercise,	
  sugges5ng	
  an	
  
improvement	
  in	
  the	
  O2	
  	
  extrac5on	
  with	
  training	
  »	
  	
  



2-­‐	
  Assessing	
  muscle	
  metabolism	
  during	
  exercise?	
  

•  Determining	
  ven5latory	
  treshold?	
  
•  Improvements	
  a`er	
  a	
  training	
  program	
  
•  During	
  eccentric	
  exercise	
  !	
  improving	
  its	
  prescrip5on	
  







Assessing	
  stump	
  prognosis	
  in	
  amputees?	
  



Thank	
  you	
  for	
  your	
  a\en5on	
  

?	
  


