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Abstract

Obj ect ive: To est imate the dynamic relat ions between cerebrospinal fl uid (CSF) and blood in the 

cerebral and spinal subarachnoid spaces and in the cerebral vent ricles by quant ifying phase 

cont rast  magnet ic resonance imaging (MRI).

Mat erial  and met hods:  15 healthy volunteers were analyzed during the same hourly st ripe and 

using t he same magnet ic f ield st rengt h (3 T).  Each st udy consist ed of  four phase cont rast  

sequences: two to calculate the CSF (aqueduct  of Sylvius and the C2-C3 perimedullary space) 

and two to calculate the blood fl ow (internal carot id and vertebral arteries, superior sagit tal 

sinus, and st raight  sinus).  Amplitude parameters (systolic volume, mean fl ow, pulsat il it y and 

compliance indexes, absolute pressure gradient , and rat io of CSF st roke volume) and temporal 

parameters (delays respect  to arterial fl ow) were calculated Result s: With respect  to the input  

of  arterial blood, the displacement  of  venous blood (22 % and 38 % of the cardiac cycle in the 

st raight  sinus and superior sagit tal sinus, respect ively) and of CSF (12 % and 25 % of the cardiac 

cycle in the C2-C3 perimedullary space and in the aqueduct  of Sylvius, respect ively) show the 

dist ribut ion of the pulsat ilit y of the int racranial fl uids. Indexes of compliance of the encephalic 

and medullary compartments in normal subj ects were calculated.

Conclusions: It  is possible to quant itat ively describe the dynamic relat ions between int racranial 

fl uids and infer the elast ic behavior of  the brain and spinal canal by using fl ow velocit y maps 

obtained with phase cont rast  MRI.

© 2009 SERAM. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Intracranial volume is principally composed of three elements: 
cerebrospinal fl uid (CSF), blood and the cerebral parenchyma. 
Blood ent ry into the interior of  the cranium during systole 
raises the intracranial volume. According to the Monroe-Kellie 1 
doct rine, a decompensat ion should occur in the remaining 
volumes to keep the total volume constant  when one volume 
is modifi ed. Diverse neurodegenerat ive and cerebrovascular 
diseases induce disequilibrium in cerebral homeostasis. 2-6 It  is 
because of  t his t hat  more complete knowledge about  t he 
dynamic relat ionships of int racranial liquids (CSF and blood) 
can contribute to relevant  informat ion for the diagnosis and 
follow-up of some diseases. The development of a quant itat ive 
methodology of imaging biomarkers to analyse these dynamic 
behaviours in an average populat ion is essent ial before it s 
clinical ut ilisat ion.

Dynamic magnet ic resonance (MR) sequences acquired 
wit h sequences of  phase cont rast  (PC-MRI) and cardiac 
synchronism have opened new channels for the study of the 
physiological  changes t hat  occur in f luid dynamics.  The 
measurement  of  f low using PC-MRI is precise and always 
reproducible,  provided t hat  a protocol of  acquisit ion and 
adequat e post -processing are used.  The post -process 
t echniques ought  t o select  t he regions of  int erest  (ROI) 
independent ly of the operator. In addit ion, the background 
er rors of  t he imper f ect  suppression of  t he i nduced 
elect romagnet ic currents, the cont ribut ion to the signal of 
the small movements of  the brain because of  the vascular 
pulse, and the aliasing must  all be corrected. These analysis 

Estimación de la dinámica de líquidos intracraneales mediante análisis cuantitativo 

de imágenes de resonancia magnética de contraste de fase

Resumen

Obj et ivo: Est imar las relaciones dinámicas ent re los fl uidos craneoespinales (líquido cefalorra-

quídeo [LCR] y sangre) en el espacio vent ricular, subaracnoideo cerebral y subaracnoideo espinal 

mediante la cuant ifi cación de imágenes de resonancia magnét ica (RM) en cont raste de fase.

Material  y métodos: Se analizaron 15 suj etos voluntarios sanos en la misma franj a horaria y baj o 

la misma intensidad de campo (3 T). Para cada estudio se realizaron 4 exploraciones en cont raste 

de fase: 2 secuencias para el cálculo de LCR (acueducto de Silvio y espacio perimedular C2-C3) 

y 2 para el cálculo del fl uj o sanguíneo (arterias carót idas internas y vertebrales, seno sagital 

superior y rect o).  En t odos los suj et os se calcularon los parámet ros de ampl it ud (volumen 

sistólico, fl uj o promedio, índices de pulsat ibilidad y distensibilidad, amplitud del gradiente de 

presión absoluta y relación de volumen de fl uido de LCR por ciclo) y temporales (ret rasos frente 

a la ent rada de fl uj o arterial).

Resul t ados: Respecto a la ent rada de sangre arterial,  el desplazamiento de sangre venosa (al 

22 y 38 % del ciclo cardíaco en los senos recto y sagital superior, respect ivamente) y del LCR (al 12 

y 25 % de ciclo cardíaco en el espacio perimedular C2-C3 y el acueducto de Silvio, respec t iva-

mente) describen la dist ribución de la pulsat ibilidad de los fl uidos int racraneales. Se obt ienen 

índices de dist ensibil idad para los compart imientos encefál ico y medular en una población 

normal.

Conclusiones: Mediante los mapas de velocidad de fl uj o obtenidos con RM es posible describir de 

manera cuant itat iva las relaciones dinámicas de los fl uidos int racraneales e inferir el compor-

tamiento elást ico encefálico y medular.

© 2009 SERAM. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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t echniques should also take into account  errors related to 
t he ef fect  of  part ial  volume caused by t he presence of 
stat ionary t issue,  l ike fl ow in t he interior of  t he voxels of 
the periphery of the region to study. 7,8

Af t er  obt aining t he veloci t y maps using appropr iat e 
methodology, it  is possible to quant ify the volume of blood 
fl ow and CSF displaced in the craniocaudal direct ion during 
syst ol e and caudocranial  f l ow dur ing diast ol e.  9 This 
inf ormat ion provides a descr ipt ion of  t he regulat ion 
mechanisms of  t he pressure and of  t he i nt racranial 
compl iance during a cardiac cycle.  The obj ect ive of  t his 
work is to est imate, by means of the quant ifi cat ion of PC-MR 
images, the dynamics of craniospinal fl uids (CSF and blood) 
and deduce the cerebral elast ic behaviour. 10,11

In order t o obtain a normal dynamic model in a healthy 
cont rol populat ion, the parameters of amplitude (increase 
of volume of fl ow during systole, average fl ows, compliance 
and pulsat il it y indexes, pressure variat ions, supratentorial 
CSF product ion,  and t he relat ion of  CSF f luid volume 
between the vent ricular space and the spinal dural sac) and 
of temporal relat ions (delays opposite the ent ry of arterial 
fl ow to the brain) were studied.

Material and methods

Subjects

Fif teen healthy cont rol volunteers of  between 23-28 years 
(27 ± 4 years [ mean ± st andard deviat i on] )  of  age, 
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consi st i ng of  8 mal es and 6 f emal es,  wer e chosen 
prospect ively.  The average heart  rate of  t he subj ects was 
68 ± 8 beats/ min. None of  the volunteers presented with a 
clinical history of neurological problems or cerebrovascular 
disease.  All  subj ect s were informed of  t he procedure and 
t he obj ect ive of  t he st udy and t heir signed consent  was 
obtained.

Acquisition of data

All  t he examinat ions were performed in t he same hourly 
st ripe (14:00 to 15:00), with the same MR equipment  with a 
magnet ic fi eld st rength of  3 teslas (Achieva Intera,  Phil ips 
Medical Systems, Best ,  Netherlands) in order t o avoid the 
infl uence of the circadian rhythm 12 and magnet ic fi eld in the 
measurements.

In al l  cases,  a sequence of  PC-MRI was acqui red in 
synchrony with t he cardiac cycle using a peripheral pulse 
device.  Twenty-fi ve t emporal point s were ret rospect ively 
reconst ructed per cardiac cycle. The images were obtained 
using a fi eld of  view of  170 mm, wit h a sl ice t hickness of 
5 mm and a mat rix size of  512 × 512,  which permit t ed a 
spat ial  resolut ion of  0.33 × 0.33 × 5 mm.  Two averaged 
signals were acquired.  The values selected for repet it ion 
t ime (TR = 18 ms), echo t ime (TE = 8 ms), and an excitat ion 
angle of 10° were constant  in order to opt imise the temporal 
resol ut i on,  t he signal  t o noi se rat i o,  and t o reduce 
dispersions of the spin phase. 8

For every MR st udy,  four acquisi t ions of  PC-MRI were 
obtained. The fi rst  sequence was obtained perpendicular to 
t he aqueduct  of  Sylvius wit h a velocit y encoding (Venc) of 
15 cm/ s; the second, parallel to the level of intervertebral 
disc C2-C3 for the calculat ion of perimedullary CSF, with a 
Venc of  7 cm/ s;  a t hi rd sequence,  al so paral l el  t o t he 
C2-C3 level ,  f or t he calculat ion of  art er ial  ent ry (bot h 
internal carot ids and the two vertebral arteries) with a Venc 
of  80 cm/ s;  and a f our t h sequence,  2 cm above t he 
confl uence of  t he venous sinuses,  in order t o analyse t he 
fl ow in the superior sagit tal sinus and in the st raight  sinus, 
with a Venc of 80 cm/ s (fi g. 1)

Quantifi cation of parameters and dynamic 
relations of intracranial fl uids

Eight  paramet ers of  ampl i t ude were quant i f ied f rom 
t he curves of  art erial  and venous blood f low and of  CSF 
reconst ruct ed wi t h t he t emporal  informat ion obt ained 
thanks to the cardiac synchronism:

1.  Systolic volume, measured in microlit ers,  is calculated 
as the area under the curve of  fl ow in the systole.  This 
value represents the increase of fl ow volume that  occurs 
during the systole above the mean fl ow volume.

2.  Mean fl ow, calculated as the mean of the absolute values 
of  t he measurement s obt ained in t he syst ole and t he 
diastole. It  is expressed in ml/ min.

3.  Pulsat i l i t y index,  calculat ed as t he rat io bet ween t he 
dif ference of peak systolic and diastolic fl ow compared 
with the mean fl ow. 6,13

4.  Amplit ude of  pressure gradient  result ing f rom changes 
in f low rat e applying t he t heory of  f luid mechanics 
(equat ions of Navier-Stokes). 10,14 This method est imates 
t he variat ions of  absolut e pressure in t he f low and, 
t herefore,  in t he wal ls during t he cardiac cycle.  It  is 
calculated through the following equat ion:

  ∇P = —δ 1∂v

∂t   + v ⋅ ∇v2 + μ ⋅ ∇ 2v (1)

  where δ is t he fl uid densit y,  μ is t he fl uid viscosit y (in 
cent ipoise, cP),  and v and P are the vectors of  velocit y 
and pressure, respect ively. For CSF, δ = 1.0007 g/ ml, and 
μ = 1.1 cP; for blood, δ = 1.0007g/ ml, and μ = 4.3 cP.5.

5.  Compl i ance i ndex (CI) .  Thi s provides an i ndi rect  
measurement  of the int racranial deformability analysing 
t he art er iocerebral  relat ionship.  It  is analysed wi t h 
respect  to the increase of arterial volume in the systole 
and is calculated using the following equat ion: 15

  DI = 
SVarterial — SVregion

SVregion

 (2)

Figure 1 Locators for the four acquisit ions of PC-MRI. a) Sagit tal slice of a T1 weighted turbo inversion recovery sequence used to 

determine fl ow acquisit ion level for the cerebral aqueduct  (1) and C2-C3 space (2). b) Fast  coronal angiography used to determine 

the acquisit ion level for the internal carot id, vertebral arteries and j ugular veins (3). c) Fast  sagit tal angiography to determine the 

acquisit ion level for the st raight  and superior sagit tal sinuses.
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  where SV is the systolic volume and region refers to the 
systolic volume in the aqueduct  or C2-C3 perimedullary 
space.

6.  Supratentorial CSF product ion in ml/ min,  measured as 
t he di f f erence bet ween t he volume of  syst ol ic and 
diast ol ic f low in t he aqueduct  of  Sylvius per uni t  of 
t ime.

7.  Rat io of  volume of  CSF displaced f rom the vent ricular 
system to the subarachnoid space during a cardiac cycle, 
which is expressed as a percent age.  The volume per 
cycle,  in ml / cycle,  is calculat ed as t he mean of  t he 
displaced volume in the systole and diastole. This value 
is di f f erent  f rom t he previously ment ioned syst ol ic 
volume.

8.  In addit ion t o t he ampl i t ude paramet ers,  a t emporal 
relat ionship of  t he delay of  t he out f lows (venous and 
CSF) versus art er ial  ent ry t o descr ibe t he t emporal 
di st r i but i on of  t he i nt r acrani al  f l ui ds al ong t he 
craniospinal axis was calculat ed.  The cardiac cycle is 
expressed as a percentage, measured between systolic 
peaks,  and is calculat ed wit h t he syst ol ic peak of  t he 
arterial ent ry (ident ifi ed as the init ial point  of the cycle) 
as the reference.

A post -processing image-analysis tool developed in-house, 
implemented in Mat lab R7 (The Math-Works,  Inc. ,  Nat ick, 
MA, USA) was used for the quant itat ive measurement  of the 
dif ferent  parameters.  This tool incorporates algorithms of 
semiautomat ic segmentat ion to delineate for regions with 
laminar f low pat t erns (aqueduct  of  Sylvius and vascular 
st ructures) as well as turbulent  fl ow pat terns (perimedullary 
spaces).  For t he f irst  regions,  t hresholding t echniques 16 
were empl oyed,  whereas k-means t echniques were 
employed f or  t he more complex regions.  By using t he 
k-means met hod t he pixels t hat  conform t o t he ROI are 
cl assi f i ed based on t hree t emporal  at t r i but es t hat  
characterise the CSF fl ow behaviour (tendency of the fl ow, 
spect ral  decompensat ion of  t he velocit y signal  obt ained 

during a cardiac cycle t hrough the fast  Fourier t ransform 
and mean absolute velocit y).  Figure 2 shows the dif ferent  
ROIs select ed in one of  t he analysed volunt eers.  Mean 
values and SD of  t he areas of  each region were 5 ± 2 mm 2 
for t he aqueduct  of  Sylvius,  12 ± 2 mm 2 for t he carot ids, 
107 ± 22 mm 2 for the C2-C3 perimedullary space, 7 ± 2 mm 2 
f or  t he st raight  sinus and 26 ± 7 mm 2 f or  t he super ior 
sagit tal sinus.

Results

For a cont rol populat ion, the average values and SD of the 
parameters obtained from the dif ferent  vascular st ructures 
and spaces of CSF are presented in table 1. The product ion 
of  CSF measur ed i n t he aqueduct  of  Syl vi us was 
0.24 ± 0.19 ml/ min. The rat io of the volume of CSF displaced 
from the vent ricular system to the subarachnoid space in a 
cardiac cycle was 5.24 ± 3.55 %.

With respect  to temporal relat ionships, the peak systolic 
of  t he CSF displacement  to the spinal subarachnoid space 
occurs at  12 ± 10 % of  t he cardiac cycle af t er t he art erial 
systolic peak. Then, almost  simultaneously, we observed the 
peak venous f low in t he st raight  sinus and t he CSF f low 
through the aqueduct  of  Sylvius (occurring at  22 ± 4 % and 
25 ± 13 % af t er t he art erial  peak,  respect ively).  Final ly, 
maximum displacement  of  blood is produced t hrough t he 
superior sagit tal sinus, at  approximately 38 ± 16 % after the 
arterial peak (fi g. 3).

Discussion

Neuroimaging techniques and quant ifi cat ion of  biomarkers 
have opened new ways for the study of the changes on the 
dynamics of  f luids,  which can ei t her produce,  or t o be 
secondary t o var ious neuropat hological  disorders.  The 
est abl ishment  of  imaging biomarkers needs adequat e 
acquisi t ion prot ocols and analysis met hodology and t he 
study of  reference values. Only with these will we be able 
t o increase knowledge about  t he disease st at es and be 
reliable in diagnosing these pathologies.

Alt hough our st udy is l imit ed,  i t s import ance l ies in t o 
methodological ly analyze in a populat ion healt hy cont rol 
diverse paramet ers of  t he dynamics of  f l uids.  These 
biomarcadores are related to the elast ic behavior and the 
compliance of the brain.

The st roke volume measured in t he aqueduct  of  Sylvius 
has been considered as a biomarker for Normal Pressure 
Hydrocephalus (NPH).  3, 17, 18 However,  i t s usef ulness is 
quest ionable because t his paramet er does not  permi t  
dif ferent iat ion when t here is an overlap by comorbidit y 
among pat i ent s wi t h NPH,  Al zheimer ’ s and vascul ar 
dement ia. 14 Because of this caveat , this imaging biomarker 
is not  suf f icient  f or  conduct ing a rel iable and precise 
diagnosis bet ween t hese ent i t ies.  Therefore,  i t  seems 
necessary to include other parameters that  refl ect  the state 
of  t he int racranial  dynamic in a mul t ivariat e approach. 
Moreover, it  is probable that  other neurological ent it ies also 
produce or associate changes in the parameters of fl ow and 
their temporal relat ionships. Before analysing broad series 
of subj ects with established diseases and grades of variable 

Figure 2 Regions of interest  defi ned in the examined regions 

of a volunteer: a) aqueduct  of Sylvius; b) superior sagit tal sinus 

(arrow) and st raight  sinus;  c) vertebral art eries (arrows) and 

internal carot id arteries, and d) C2-C3 intervertebral disc.
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affectat ion,  it  is imperat ive to know the mean values and 
their dispersion in a series of  subj ects with neither il lness 
nor degenerat ion.

The int racranial  dynamic is def ined as t he int eract ion 
between t he cerebral t issue,  t he CSF and t he blood f low 
wit hin t he cent ral nervous system. The mean f low in t he 
internal carot id arteries and the vertebrae gives an est imate 
of the total volume of arterial ent ry into the interior of the 
cranium.  The CSF in t he aqueduct  of  Sylvius and in t he 
perimedullary space at  level C2-C3, j oined with the venous 
outfl ow through the st raight  sinus and the superior sagit tal 
sinus, refl ect  the compensat ion of volume that  occurs as a 
consequence of the expansion of the arterial vascularisat ion. 
Given t hat  t he bone cavit y of  t he cranium is f ixed,  t he 
int racranial volume ought  to be constant  and the relat ionship 
bet ween t he dist inct  component s t hat  cont ribut e t o t he 
t ot al volume stable in normal condit ions.  Therefore,  t he 
entry of blood volume to the interior of the cranium ought  to 
be equal to the sum of the output  of the venous fl uid volumes 
and of  CSF in t he C2-C3 per imedul lary space.  In t his 
invest igat ion, the input  of arterial volume did not  equal the 
2 evaluated outputs, primarily due to the fact  that  the total 
venous fl ow is also achieved through other avenues, which 
were not  included in t heir ent iret y.  We studied t he large 
venous st ructures, such as the st raight  sinus and the superior 
sagit tal sinus, instead of smaller st ructures like the j ugular 
veins and anastomot ic drainages,  which are less rigid and 
more di f f icul t  t o ident i f y and quant i f y.  19 As an int ernal 
cont rol, the obtained values in this study in the aqueduct  of 
Sylvius did not  present  relevant  differences compared to the 
fl ow parameters previously obtained in a different  own series 
of normal subjects with the mean fl ow (5 ± 2 vs. 6 ± 3 ml/ min, 

current  value against  reference value, respect ively), st roke 
volume (33.43 ± 18.49 vs. 39.51 ± 18.21 #ml/ cycle) and CSF 
product ion (0.24 ± 0.19 vs. 0.45 ± 0.34 ml/ min).

The smal l  dif ferences bet ween t he st udies ref lect  t he 
biases associated with the dif ferences in age, hourly st ripe 
of acquisit ion of the studies and magnet ic fi eld intensity of 
the equipment  ut ilised. 20

Ar t er ial  ent ry t o t he cranium in syst ol e raises t he 
int racranial pressure (ICP) by increasing volume. The CSF 
volume that  is displaced in systole along t he aqueduct  of 
Sylvius and the C2-C3 perimedullary space is related to the 
propert y of  t he int racranial  art erial  t ree t o cushion t he 
arterial pulse within it s proximity (efecto windkessel).  The 
distensibil it y index measured in t his invest igat ion relates 
the volume of CSF with the volume of arterial fl ow. A reduced 
index is caused by the displacement  of elevated CSF, which, 
at  t he same t ime,  ref lect s t he loss of  compl iance of  t he 
adj acent  parenchyma and i t s vascular t ree.  The great  
di f f erence t hat  exist s bet ween t he CI measured in t he 
aqueduct  of  Sylvius and t he C2-C3 space (35 and 1.10, 
respect i vel y) i s relat ed t o t he adj acent  parenchyma 
(midbrain and medulla, respect ively) and with the proport ion 
of CSF outfl ow at  the two levels. Bateman et  al. 15 previously 
calculated the CI in the aqueduct  of Sylvius, and their mean 
value (32 ± 15) was similar to that  obtained in this study. It  
is important  to highlight  this similarit y even with subj ects 
wit h marked di f ference in age (43 years older t han our 
subj ects) because of the loss of elast icity in the int racranial 
vessels.  This similarit y appears t o be due t o t he mult iple 
ef fect s of  f ield st rengt h int ensi t y (at  a lower int ensi t y 
decreased fl ow measures). 21 The 30 % increase in volume of 
CSF measured by Bateman et  al.  15 agrees with the aging of 
his populat ion and t he loss of  art erial  absorpt ion.  22 The 
smallest  deviat ion of arterial fl ow volume of our series can 
be explained by t he dif ferent  vascular st ruct ures chosen 
(int ernal  carot id art er ies and vert ebral  art er ies).  This 
deviat ion j ust ifi es the similarity of theCI values obtained in 
subj ects with dif ferent  ages.

ICP is measured for the diagnosis and cont rol of numerous 
diseases, both neurological and cerebrovascular. Its value is 
always obtained by invasive methods (lumbar puncture) but  
also t hrough less risky met hods.  Using PC-MRI,  i t  can be 
calculated based on the exponent ial curve between volume 
and pressure, 23 in which the elastance (ability of a st ructure, 
deformed by pressure, to regain its init ial form) has a linear 
relat ionship with the ICP. On the other hand, the elastance 

Table 1 Amplitude Parameters Values Obtained from 15 Healthy Volunteers

Parameters Arterial Input Aqueduct  

of Sylvius

Space C2-C3 St raight  Sinus Superior Sagit tal 

Sinus

Systolic volume (ml/ cycle) 1.300 ± 196 34 ± 18 544 ± 122 58 ± 18 247 ± 76

Mean fl ow (ml/ min) 660 ± 104 5 ± 2 75 ± 12 90 ± 10 320 ± 90

Pulsat il it y Index 1.03 ± 0.15 0.35 ± 0.26 1.42 ± 0.33 0.33 ± 0.04 0.39 ± 0.10

Compliance Index Reference Value 35 ± 10 1.10 ± 0.45 — —

Amplitude pressure gradient  

 (mm Hg/ cm)

0.31 ± 0.08 0.07 ± 0.03 0.07 ± 0.02 0.11 ± 0.03 0.09 ± 0.03

aThe results are expressed as mean ± standard deviat ions.
bThe arterial fl ow is the sum of the fl ow measured in the internal carot id arteries and vertebral arteries.

ART C2-C3 AcS SR SSS

0 12 22 25 38 % CC

Figure 3 Temporal distribut ion of intracranial fl uids. AcS: aque-

duct  of Sylvius; ART: arterial input ; SR: st raight  sinus; SSS: supe-

rior sagit tal sinus, and C2-C3 intervertebral disc.
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is t he inverse of  t he compliance. PC-MRI can quant ify t he 
change of int racranial volume and changes in pressure fl ow 
during a cardiac cycle. Alperin et  al. 10 calculated the ICP as 
the quot ient  between the amplitude of the gradient  pressure 
curve derived f rom the secondary changes of  velocit y and 
the amplitude of  the curve of  int racranial volume change. 
In t he present  st udy,  we have not  calculat ed t he ICP but  
rather t he amplit ude of  t he absolute pressure gradient  in 
the vascular st ructures and the CSF spaces, refl ect ing in an 
indirect  manner the state of the ICP. Calculat ing the ICP as 
Alperin et  al.  is associated with the diffi cult y of  obtaining 
accurately the total outfl ow volume.

The physiology of  CSF is complex and st i l l  not  wel l 
underst ood.  Dif ferent  st udies have revealed t ransparen-
chymal product ion and absorpt ion of  CSF.  Greit z et  al .  24 
have conf i rmed t he absorpt ion of  l i quid t hrough t he 
perivascular spaces and brain capil laries,  suggest ing t hat  
t his mechanism occurs t hrough t he Starl ing principle 25 t o 
balance t he hydrost at ic pressure and t he osmot ic force 
within the capillary.

A det ai led analysis of  t he int racranial  dynamic in t he 
di f f erent  encephal ic pat hologies,  as wel l  as a great er 
knowledge of  t heir t emporal  pat t erns and relat ionships, 
would provide informat ion of  enormous relevance for t he 
development  of  rel iable and reproducible diagnost ic 
met hodologies based on imaging biomarkers.  Through 
veloci t y f low maps obt ained wi t h MR,  i t  is possible t o 
quant i t at i vel y descr ibe t he dynamic relat ions of  t he 
int racranial fl ow and infer the medullar and elast ic cerebral 
behaviour.
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