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http://es.wikipedia.org/wiki/Onda_cerebral
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60 𝑚𝑙/100𝑔/𝑚𝑖𝑛 0 𝑚𝑙/100𝑔/𝑚𝑖𝑛

𝐶𝐵𝐹 𝑚𝑒𝑑𝑖𝑜

𝐶𝐵𝐹𝐺𝑀
𝐶𝐵𝐹𝑊𝑀
𝐶𝐵𝑉

Δ𝑡, 𝐵𝐴𝑇,𝑀𝑇𝑇

𝜏

𝑇1𝑡
𝑇1𝑏
𝑇2𝑏 

𝑇2𝐶𝑆𝐹
∗  

𝑇2𝐺𝑀
∗  

𝑇2𝑊𝑀
∗  

𝑇𝑅

𝑇𝐸

𝛼

𝜆

𝜆𝐺𝑀  0.98 

𝜆𝑊𝑀   0.84 



 
 

 
 

𝜌

𝑀𝑇𝑇 = 𝐶𝐵𝑉/𝜌𝐶𝐵𝐹

 

 

 

 



 
 

 
 

 

 
 

Δ = (𝑀𝐶 −𝑀𝐿)

𝜆

𝑂2
𝑂2



 
 

 
 

 

 

 

 

 
 



 
 

 
 

 𝜏

𝑇𝐼1

 Δ𝑡

𝑡 = 0 𝑡 = Δ𝑡

𝑇1

 

 

  
 



 
 

 
 

 

                                                           

𝐵𝑒𝑓𝑓
𝐵𝑒𝑓𝑓

 

 
 



 
 

 
 

 

 

 

  



 
 

 
 

 𝛼 = 0.98

 

 

 

 

 

 𝛼 = 0.68 𝐶𝐴𝑆𝐿   𝛼 = 0.85 𝑝𝐶𝐴𝑆𝐿

 

 

 

 

 

𝑇𝐼2 = 1800𝑚𝑠 𝑇𝐼1 = 800𝑚𝑠

 

 

 

 

 



 
 

 
 

 

Δ𝑀 

 

Δ𝑀

 

  Δ𝑀

𝑚𝑎(𝑡)

𝑚𝑣(𝑡)

𝑑𝑀(𝑡)

𝑑𝑡
=

𝑀0𝑡−𝑀(𝑡)

𝑇1𝑡
+ 𝑓𝑚𝑎(𝑡) − 𝑓𝑚𝑣(𝑡)  

 

 
 

 

 



 
 

 
 

𝑚𝑎

𝑓

𝜆

𝑚𝑣(𝑡) =
𝑀(𝑡)

𝜆

𝑀0𝑡

𝑇1t

𝑇1𝑡 𝑇1𝑏
𝑇1

𝑚𝑣(𝑡) = 𝑀(𝑡)/𝜆

𝑇1𝑏

𝑀 = 𝑣𝑏𝑤𝑚𝑏 + 𝑣𝑒𝑤𝑚𝑒

𝑚𝑏 𝑇1𝑏
𝑣𝑏𝑤

𝑚𝑒

𝑇1𝑒 𝑣𝑒𝑤

 

 
 

 



 
 

 
 

𝑚𝑣

𝑚𝑣 = 0

 

 𝑐(𝑡)

𝑡

 𝑟(𝑡, 𝑡′) 𝑡′

𝑡

 𝑚(𝑡, 𝑡′)

𝑡′ 𝑡

𝑡′ 𝑡′ + 𝑑𝑡′

2𝛼𝑀0𝑏𝑓𝑐(𝑡
′)𝑑𝑡′ 𝛼 Δ𝑀(𝑡)

𝑡

𝛥𝑀(𝑡) = 2𝛼𝑀0𝑏𝑓 ∫ 𝑐(𝑡′)𝑟(𝑡 − 𝑡′)𝑚(𝑡−′𝑡)𝑑𝑡′
𝑡

0



 
 

 
 

𝑐(𝑡), 𝑟(𝑡) 𝑚(𝑡)

 

Δ𝑡 𝜏

 𝜏

𝑡 = 0 𝑐(𝑡) = exp [−Δ𝑡/𝑇1𝑏]

𝑐(𝑡) = exp [−𝑡/𝑇1𝑏]

 

𝑟(𝑡) = exp [−𝑓𝑡/𝜆]

 

𝑇1𝑏
𝑇1𝑡

𝑚(𝑡) = exp [−𝑡/𝑇1]

Δ𝑀(𝑡) =  {

0                                                                         0 < 𝑡 < Δ𝑡
2𝑀0𝑏𝑓(𝑡 − Δ𝑡)𝛼𝑒

−𝑡/𝑇1𝑏  𝑞𝑝𝐴𝑆𝐿(𝑡)          Δ𝑡 < 𝑡 < 𝜏 + Δ𝑡

2𝑀0𝑏𝑓 𝜏 𝛼 𝑒
−𝑡/𝑇1𝑏𝑞𝑝𝐴𝑆𝐿(𝑡)                               𝜏 + Δ𝑡 < 𝑡

𝑞𝑝𝐴𝑆𝐿(𝑡) =

{
 
 

 
 𝑒

kt (𝑒−kΔ𝑡 − 𝑒−𝑘𝑡)    

𝑘(𝑡 − Δ𝑡)
               Δ𝑡 < 𝑡 < 𝜏 + Δ𝑡

𝑒k𝑡 (𝑒−kΔ𝑡 − 𝑒−k(𝜏+Δ𝑡))

k 𝜏
                  𝜏 + Δ𝑡 < 𝑡



 
 

 
 

𝑘 = 1/𝑇1𝑏 − 1/𝑇1
′ 

1

𝑇1
′ =

1

𝑇1
+

𝑓/𝜆

Δ𝑀(𝑡) =  {

0                                                                                     0 < 𝑡 < Δ𝑡
2𝑀0𝑏𝑓 𝑇1

′ 𝛼 𝑒−Δ𝑡/𝑇1𝑏  𝑞𝑐𝐴𝑆𝐿(𝑡)                             Δ𝑡 < 𝑡 < 𝜏 + Δ𝑡

2𝑀0𝑏 𝑓  𝑇1
′ 𝛼 𝑒−Δ𝑡/𝑇1𝑏  𝑒−(𝑡−𝜏−Δ𝑡)𝑇1

′
𝑞𝑐𝐴𝑆𝐿(𝑡)                𝜏 + Δ𝑡 < 𝑡

𝑞𝑐𝐴𝑆𝐿(𝑡) = {1 − 𝑒
−(𝑡−Δ𝑡) 𝑇1

′
      Δ𝑡 < 𝑡 < 𝜏 + Δ𝑡

1 − 𝑒−𝜏/ 𝑇1
′
                  𝜏 + Δ𝑡 < 𝑡

𝑞(𝑡)

𝑘 

𝑓

𝑒

 𝑇1
′ = 𝑇1𝑏

 

 Δt

 𝜏

 

 𝑇1𝑏 = 1.6𝑠 𝑇1𝑡 = 1.3s 

 𝛼 = 0.98

 𝜆

 



 
 

 
 

 

 

 

𝑇1𝑏



 
 

 
 

 

 

𝑇𝐼1
Δ𝑇𝐼 𝑇𝐼2

𝑇𝐼1
𝑇𝐼1 𝑇𝐼2 

Δ𝑡 𝜏

Δ𝑀(𝑡) = 2
𝑀0𝑡

𝜆
 𝑓𝚫𝑻𝑰 𝛼 𝑒−𝒕/𝑇1𝑏  𝑞𝑃𝐴𝑆𝐿(𝑡)

𝑇𝐼1
𝑇𝐼1 𝛿𝑡 𝜏 𝑇𝐼1

Δ𝑀(𝑡) = 2
𝑀0𝑡

𝜆
 𝑓𝑻𝑰𝟏𝛼 𝑒

−𝑡/𝑇1𝑏  𝑞𝑃𝐴𝑆𝐿(𝑡)

Δ𝑇𝐼



 
 

 
 

 

 

 

- 

- 

𝑇𝐼1 𝑇𝐼1𝑠
𝑇𝐼2

 

 



 
 

 
 

 

 

𝑀𝑐 −𝑀𝑡

𝑀𝑡 𝑀𝑐

- 

- 

- 

 



 
 

 
 

𝑀𝑐 −𝑀𝑡 𝑀𝑐

𝑀𝑐

 

 

𝑇𝐼2 − 𝑇𝐼1



 
 

 
 

 

Δ𝑀 𝑀0𝑏

𝑀0𝑏

 

𝑀0

 𝑀0𝑏 𝜆

𝑀0

𝜆𝐺𝑀 = 0.98 𝑚𝑙/𝑔

𝜆𝑊𝑀 = 0.82 𝑚𝑙/𝑔 𝜆𝑊𝐵 = 0.90 𝑚𝑙/𝑔

 𝑻𝟏𝒃  𝑻𝟏𝒕

𝑇1𝑏 𝑇1𝑡

𝑇1𝑏.

- 𝑇1𝑏 = 1620𝑚𝑠 

- 𝑇1𝐺𝑀 = 1200𝑚𝑠

-  𝑇1𝑊𝑀 = 800𝑚𝑠

 𝜶



 
 

 
 

 

- 𝐵0
- 

- 

- 

- 

- 

- 

- 𝐵0

- 

𝑀0

𝑇1

 
 

 



 
 

 
 

 

 

- 

- 

 

 𝑀0𝑏

 

Δ𝑀

 

 

 

 

 

 

 

 

 

 

  



 
 

 
 

 

 

 

                                                           
iii 

 

 

 



 
 

 
 

oxford_asl -i [datos_asl] -s [imagen_estructural] -t [matriz_trasf_estructural_a_estandar] 

-c [M0_calib_imagen] --tis 1.9  

                                                           
iv   
v 

 

𝑀0  

 



 
 

 
 

 

 

 



 
 

 
 

 

 



 
 

 
 

 

 



 
 

 
 

(𝐼𝑆𝐺 > 𝐼𝑆𝐵).∗ (𝐼𝑆𝐺 > 𝐼𝐶𝐵𝐹).∗ (𝐼𝑆𝐺 > 0.1)

𝐼𝑆𝐺 , 𝐼𝑆𝐵, 𝐼𝐶𝐵𝐹
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𝐴𝑃1

𝐺𝑧

 

𝐴𝑃1

 

 



 
 

 
 

- 

- 

- 

- 

- 

- 

- 

- 

𝐴𝑃2 



 
 

 
 

𝐴𝑃3

 

 

 

 

 

 

𝐴𝑃2

 

 

 

𝐴𝑃3

 



 
 

 
 



 
 

 
 



 
 

 
 

 

 

 

 

 

 

[fsl@fslvm6 ~]$ Asl 

 

%Creación de la carpeta de salida 

mkdir /mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT 

mkdir /mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space 

 

1 

%El programa asl_file carga los datos de entrada 

/usr/local/fsl/bin/asl_file --

data=/mnt/hgfs/CarpetaHost/CONTROLS/C001/ASL/ASL_4D_C001.nii – 

out=/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/diffData --obf=rpt --

ntis=1 --ibf=rpt --iaf=tc --diff 

 

/usr/local/fsl/bin/asl_file --

data=/mnt/hgfs/CarpetaHost/CONTROLS/C001/ASL/ASL_4D_C001.nii --

out=/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/diffData --obf=rpt --

ntis=1 --ibf=rpt --iaf=tc --diff 

Number of vóxels is:81920 

Number of repeats in data is:50 

Done. 

 

%El programa bet hace la extracción de vóxels que solo pertenecen al cerebro 

/usr/local/fsl/bin/bet 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/T1/T1_C001_reoriented.nii.gz 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/structural_brain 

 

/usr/local/fsl/bin/bet /mnt/hgfs/CarpetaHost/CONTROLS/C001/M0/M0_C001.nii 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/MOimage_brain 

 

%El programa oxford_asl hace la sustracción de los 50 pares de imágenes 

%Y la calibración a partir de la imagen M0 y datos introducidos 

/usr/local/fsl/bin/oxford_asl -i 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/diffData -o 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT --tis 1.9 --vars  --bolus 0.7 --bat 0.1 --

t1 1.3 --t1b 1.6 --alpha 0.98 --artoff  --fixbolus  -s 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/structural_brain --regfrom  

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/MOimage_brain 

 

OXFORD_ASL - running 

Saving results in structural space to 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/struct_space 

Pre-processing 

Creating mask 

Performing registration 

 

%El programa asl_reg usa el programa flirt para obtener una máscara CSF  

%la imagen M0 

ASL_REG 

Input file is: /mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/MOimage_brain 

Running FLIRT 

Tidying up 

ASL_REG - Done. 

Number of inversion times: 1 

Number of timepoints in data: 50 

Number of repeats in data: 50 

1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

 



 
 

 
 

%El programa basil invierte el modelo cinético creado mediante FABBER 

Setting up BASIL 

Calling BASIL on data 

Creating output directory: /tmp/fsl_gA19ym_ox_asl/basil 

Model for analysis is: buxton 

Using bolus length: 0.7 

STEP 1: VB (2 param: CBF and ^t) 

------------------ 

Welcome to FABBER v2.0 

Logfile started: /tmp/fsl_gA19ym_ox_asl/basil/step1/logfile 

Start time: Sat Sep 20 15:27:47 2014 

FABBER release v2.0  

    Forward Model version: 

      $Id: fwdmodel_asl_grase.cc,v 1.22 2013/09/04 15:13:00 chappell Exp $ 

    Loading mask data from '/tmp/fsl_gA19ym_ox_asl/mask' 

    Loading data from 

'/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/diffData' 

here 

. . . . . . . . . . Saving! 

FABBER is all done. 

Duration: 17 seconds. 

Logfile was: /tmp/fsl_gA19ym_ox_asl/basil/step1/logfile 

End. 

Fabber variance calculator 

Working in /tmp/fsl_gA19ym_ox_asl/basil/step1 

 

%Cálculo de la varianza 

Calculating variance for: ftiss 

FABBER: MVNtool 

Reading MVNs from /tmp/fsl_gA19ym_ox_asl/basil/step1/finalMVN 

Reading MVNs from /tmp/fsl_gA19ym_ox_asl/basil/step1/finalMVN 

Calculating variance for: delttiss 

FABBER: MVNtool 

Reading MVNs from /tmp/fsl_gA19ym_ox_asl/basil/step1/finalMVN 

Reading MVNs from /tmp/fsl_gA19ym_ox_asl/basil/step1/finalMVN 

Done. 

Output is /mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/ 

OXFORD_ASL - done. 

 

%El programa asl_calib devuelve los datos de la calibración 

/usr/local/fsl/bin/asl_calib -i 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/perfusion --tissref csf --t1r 

3.4 --t2r 0.75 --t2b 0.15 --te 0.0 -o 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/calibration -s 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/structural_brain -t 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/asl2struct.mat –c 

/mnt/hgfs/CarpetaHost/CONTROLS/C001/M0/M0_C001.nii --mode longtr --tr 3.5 --cgain 1.0 

 

ASL_CALIB 

Input file is: /mnt/hgfs/CarpetaHost/CONTROLS/C001/OUTPUT/native_space/perfusion 

 

%Para el sujeto control C001 el valor de referencia es 

Tissue reference is: csf 

M0:1200.35000000000000000000 

ASL_calib - DONE. 

 



 
 

 
 

%Selección de imágenes  

IMAT1= spm_select(1,'IMAGE','Selecciona el T1') 

IMAASL= spm_select(1,'IMAGE','Selecciona el ASL') 

IMAMAP= spm_select(Inf,'IMAGE','Selecciona otras imágenes a mover') 

 

%Lectura  

VT1  = spm_vol(IMAT1); 

VF   = spm_vol(IMAASL); 

VMAP = spm_vol(IMAMAP); 

 

  

%Co-registro inicial de 6 parámetros  

  

x=spm_coreg(VT1,VF); 

  

%Ajuste de co-registro con 12 parámetros  

  

flagsC = struct('params',[x 1 1 1 0 0 0]); 

x= spm_coreg(VT1,VF,flagsC); 

  

M= inv(spm_matrix(x)); 

  

%Actualización de la matriz   

spm_get_space(VF.fname,M*VF.mat); 

  

for i=1:length(VMAP), 

spm_get_space(VMAP(i).fname,M*VMAP(i).mat); 

end; 

 



 
 

 
 



 
 

 
 

𝑀0𝑏

𝑀𝑜𝑏 𝑀0

𝑀0𝑏

𝐴𝑃4)

𝐴𝑃5

𝑀0𝑏 =
𝑀0𝑐𝑠𝑓 · 𝑒

(1/𝑇2  𝑐𝑠𝑓
∗ −1/𝑇2𝑏

∗ ) 𝑇𝐸

2λ
 

𝑀0𝑏  𝑀0𝑐𝑠𝑓

𝑇2𝑏
∗ 𝑇2𝑐𝑠𝑓

∗ 𝜆

𝐴𝑃4

≅



 
 

 
 

𝐴𝑃5

# PARTE DEL CÓDIGO DEL PROGRAMA ‘ASL_CALIB’ DEL PAQUETE BASIL(FSL) 

#.... 

# Constants 

T1csf=4.3 

T2csf=750 

T1gm=1.3 

T2gm=100 

T1wm=1.0 

T2wm=50 

T2b=150 

#.... 

# Partition coeffs 

# based on Herscovitch and Raichle 1985 

pccsf=1.15 # a blood water density of 0.87 

pcwm=0.82 

pcgm=0.98 

#.... 

if [ -z $t2star ]; then 

# we need to correct for T2* not T2 so change the defaults 

# NB these will still be overridden by specific values supplied 

    T2csf=400 

    T2gm=60 # from Foucher 2011 JMRI 34:785-790 

    T2wm=50 # ditto 

 

    T2b=50 #from Petersen 2006 MRM 55(2):219-232 see discussion 

fi 

#.... 
#Use equation to get the M0 value that is needed 

#echo "$Moval $te $T2r $cgain $T2bl" 

Moval=`echo "$Moval / e(- $te / $T2r )" | bc -l` # T2 correction for M0 reference 

#echo $Moval 

Moval=`echo "scale=2;$Moval*$cgain / $pc" | bc` #  this is M0 blood (at TE=0) 

#echo $Moval 

Moval=`echo "$Moval * e(- $te / $T2b )" | bc -l` # get M0 blood at TE used 

echo "M0:$Moval" 

echo "M0: $Moval" >> $log 

#.... 
# apply calibration to input image 

if [ ! -z $inflag ]; then 

    if [ ! -z $senson ]; then 

 # apply sensitivity image 

 fslmaths $infile -div $temp_calib/sens $temp_calib/infile 

    else 

 imcp $infile $temp_calib/infile 

    fi 

    fslmaths $temp_calib/infile -mul 60 -mul 100 -div $Moval $outfile 

fi 


