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H ighly effic ient d iffusion exchange spectroscop ic  im aging for b io log ical applications

D  B en jam in i*, M E  K om losh a,b and P J  B asser$, aN ationa l Institu tes o f H ea lth ; bThe H enry M . Jackson 
Foundation  fo r the  A dvancem ent o f M ilita ry M ed ic ine .

S ensitive  to  loca l d iffus ive  properties, d iffus ion  exchange spectroscopy (D E XS Y) is  a  powerfu l tw o-
dim ensional nuclear m agnetic resonance (N M R ) m ethod fo r m easuring  the transport o f w ater d irectly 
from  one m ic roenvironm ent to  another, a llow ing  fo r exchange processes be tween num erous 
com partm ents. D E XS Y is , however, rare ly used, especia lly w hen com bined w ith  m agnetic  resonance 
im aging  (M R I) in  b io log ica l app lica tions, because o f its  exceptiona lly long scan tim e requirem ents. 
U sing  the  m arg ina l d is tributions constra ined optim iza tion  (M A D C O ) fram ew ork 1, we present a  m ethod to  
vastly reduce the  num ber o f requ ired acquis itions, m ak ing  D E XS Y-M R I feasib le  fo r the  firs t tim e. 
E xperim ents a re  perfo rm ed on a  com posite  M R I nerve  tissue phantom  w ith  restric ted  and free  water 
exchang ing  com partm ents. W e show  tha t N =22  acqu is itions were  suffic ien t to accura te ly de term ine the  
exchange spectrum  at th ree  m ixing tim es; th is  num ber o f aqu is itions is  ~276 tim es less than w hat w as  
prev iously thought to  be  needed (N =6075 ). T he presented fram ework  a llows one to  add m ore  m ixing 
tim es a t a low  data  requ irem ent cost (i.e ., four acquis itions per add itiona l m ixing  tim e). C om bined w ith  a  
fast im ag ing  readout, such as echo p lanar im ag ing (E P I), who le  hum an bra in im ag ing us ing 22  D E XS Y 
acqu is itions wou ld  take  about 22 m inu tes, w h ich  is  w ith in  the tim e fram e o f c lin ica l M R I. 
R egard ing  the d iffus ion  exchange spectrum  as a  jo in t probability function  and accord ing ly im posing  
constra in ts  in  the  op tim iza tion  process, p rov ides the  opportun ity to  re liab ly and feasib ly ob ta in  spatia lly 
resolved water exchange, as re flected  by physica l m icroscop ic  env ironm ents. C e ll m em brane 
perm eab ility and active  transport p rocesses  in hea lthy and d iseased tissue are  on ly partia lly understood, 
and currently cannot be  d irectly m easured non invasive ly and in  v ivo , w ithout im posed restricting 
assum ptions. Fast D E XS Y-M R I and N M R  can now be benefic ia l fo r b road applica tion fo r heterogeneous 
m ateria ls  such as b io log ica l tissues, food, p lan ts, and rocks, prov id ing  exc iting  opportun ities fo r 
investiga tors in  a  range o f d isc ip lines .
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