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Inhoud .

•Even voorstellen
•Beeldvormende technieken 
•Huidige beeldvorming van hersentumoren
•Wetenschappelijke ontwikkelingen



• is medisch specialist (radioloog)
•beoordeelt hersenscans à verslag naar 
behandelaar
•stelt de beste combinatie van scans samen
•onderzoekt nieuwe scantechnieken
•bespreekt scans met behandelteam

De neuroradioloog 



Multidisciplinair overleg, Regionaal Academisch Kankercentrum Utrecht



Beeldvorming bij hersentumoren

• CT scan
• maakt beelden met röntgenstralen.

•MRI scan
• maakt beelden met een sterk magneetveld en radiogolven.

• PET scan
• maakt beelden met een radio-actief contrastmiddel.



CT scan of MRI scan?

• CT scan
• voordelen: snel, veel en snel beschikbaar, gevoelig voor kalk/bot
• nadelen: weinig detail van het hersenweefsel, straling
• gebruik: bij eerste diagnose, in spoedsituaties.

•MRI scan
• voordelen: veel detail van het hersenweefsel, geen straling
• nadelen: duurt lang, nauwe tunnel, minder beschikbaar, contra-

indicaties
• gebruik: voor nadere beoordeling bij eerste diagnose, 

voor follow-up.



CT scan versus MRI scan
kalk in de tumor is veel beter zichtbaar met CT dan met MRI.

CT scan MRI scan



CT scan versus MRI scan
De tumor is veel beter zichtbaar met MRI dan met CT.

CT scan MRI scan



Contrastmiddel
• Contrastmiddel is een stof die heel sterk zichtbaar is op de scan
• verschillende soorten voor CT en MRI.

• Contrastmiddel wordt ingespoten in een bloedvat
• verspreidt zich via de bloedbaan in de bloedvaten
à aankleuring van tumorbloedvaten
• lekt uit de bloedvaten in afwijkend weefsel 
à aankleuring van weefsel.

• Aankleuring zegt niet altijd iets over agressiviteit
• meningeoom: kleurt heel sterk aan (veel bloedvaten)
• schwannoom: kleurt meestal aan
• glioom: laaggradig kleurt meestal niet aan
• glioblastoom: kleurt meestal wel aan



1 maand later

Contrastmiddel: opsporen kleine afwijkingen

1 maand later

zonder contrastmet contrast



Kan alles worden 
weggehaald?
Wat is het voor tumor?Wat is het risico op 
verlamming?



hersentumor



MRI beoordeling
ülocatie
üaankleuring
üaspect
ü(kalk: CT)
üomvang
üzwelling
üverplaatsing
⇒ diagnose
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Perfusie MRI
• Meet de doorbloeding van weefsel.
• Hooggradige tumor → vaak verhoogde doorbloeding.



doorbloeding in 
de hersentumor



functionele MRI



functionele MRI (fMRI)

www.healthandpuzzles.com

motoriek

fijne motoriek
gevoel

taalbegrip

gehoor

zicht

taalklank

• Taak uitvoeren in de scanner:
• vingers bewegen
• voeten bewegen
• lippen tuiten
• woorden bedenken
• muziek luisteren
• beelden bekijken
• …





hersentumor

motorische
functie



fMRI van vingers bewegen

A B

motorische schors 
van de hand?



hersenfuncties



witte stofbanen
• Verbinden hersengebieden 

met elkaar of met het 
ruggenmerg.
• Sommige zijn van groot belang.
• Zijn niet apart zichtbaar

– op gewone hersenscans
– tijdens de operatie.



verbindingen in
de hersenen



DTI: motorische schors ↔ ruggenmerg
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Automatische tumormeting (3D)



Toename afwijkingen na behandeling

toename van tumor
of 

bestralingseffect
?????

3 maanden

3 maanden

A

B



lage doorbloeding (0,6)

bestralingseffect

Perfusie MRI: A



tumorweefsel hoge doorbloeding (3,1)

Perfusie MRI: B



voor behandeling na behandeling

Pseudo progressie



voor behandeling na behandeling

Pseudo progressie



waarde van perfusie .
patiënt inclusie 
• 15 centra in Nederland

• gliomen en hersenmetastasen.

design
• observationeel, niet alle centra doen perfusie

• data verzameling
• klinische impact op behandeling, aanvullend onderzoek
• kwaliteit van leven, patiëntervaring (vragenlijsten)

https://www.zorgevaluatienederland.nl/evaluations/periscope

https://www.zorgevaluatienederland.nl/evaluations/periscope
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about the material, tissue or pathology of interest. Because there is no
a priori requirement on the shape of the signal evolution curves, there
are more degrees of freedom in designing an MRF acquisition, where
parameters such as repetition time, echo time, radio frequency pulses
and sampling trajectories (among others) can be varied together to
produce the simultaneous sensitivity to numerous tissue properties.
The ability to analyse oscillating signals in MRF also provides the
opportunity to use larger fractions of the available magnetization than
methods that rely on a steady-state signal, which is a significant factor
contributing to the higher efficiency in MRF. In addition, the oscil-
latory signal in MRF allows one to sample more informative points
along a longer signal evolution as compared to conventional methods
which always reach a steady state level after some finite amount of

time. Specifically, our initial results here demonstrate that the effi-
ciency of MRF is approximately 1.8 times higher than the DESPOT
methods, which were previously the most efficient methods for the
measurement of relaxation parameters. Thus the direct prediction of
the oscillating, incoherent signal evolutions through the Bloch simu-
lation provides us the potential to obtain new quantitative informa-
tion that is impractical today because of the prohibitively long scan
times required, especially in biological samples and patients.

As demonstrated by the results shown here, MRF has the potential
to significantly reduce the effects of errors during acquisition through
its basis in pattern recognition. Acquisition errors may globally
reduce the probability of a match of an observed signal to any given
fingerprint, but as long as the errors do not cause another fingerprint
to become the most likely match, the correct quantitative identifica-
tion will still be made. Ideally, the sequence pattern will be designed so
that the various fingerprints from different tissues and materials are as
independent as possible, thus ensuring this robustness against motion
and other practical errors.

Commercial magnetic resonance scanners include methods to
minimize the effects of unavoidable system imperfections. However,
these inaccuracies are becoming increasingly important as mag-
netic resonance technology is pushed to its limits, such as the use
of very high magnetic fields or physically larger systems. MRF pro-
vides a route to model and account for system imperfections, such
as inhomogeneities in both the static magnetic field (B0) and the

Table 1 | In vivo data
T1 (ms) T2 (ms)

White matter (this work) 685 6 33 65 6 4
White matter (previously reported) 608–756 54–81
Grey matter (this work) 1,180 6 104 97 6 5.9
Grey matter (previously reported) 998–1,304 78–98
Cerebrospinal fluid (this work) 4,880 6 379 550 6 251
Cerebrospinal fluid (previously reported) 4,103–5,400 1,800–2.460

Shown are comparisons of MRF results and reference values29–32 in different brain regions.
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Figure 3 | MRF results from highly undersampled data. a, An image at the
5th repetition time out of 1,000 was reconstructed from only one spiral readout,
demonstrating the significant errors from undersampling. b, One example of
acquired single evolution and its match to the dictionary. Note the significant
interference resulting from the undersampling. a.u., arbitrary units. c–f, The
reconstructed parameter maps show a near complete rejection of these errors
based solely on the incoherence between the underlying MRF signals and the
undersampling errors; c, T1 (colour scale, milliseconds); d, off-resonance
frequency (colour scale, hertz); e, T2 (colour scale, milliseconds); and f, proton
density (M0) (normalized colour scale). These data required 12.3 s to acquire.
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Figure 4 | Demonstration of error tolerance in the presence of motion.
a, b, Reconstructed images acquired at the 12th second (a) and at the 15th
second (b) demonstrate the large shift in the head position. c–f, The resulting
MRF maps are nearly identical, demonstrating a rejection of both
undersampling and motion errors that are uncorrelated with the expected
signal evolution. c, d, T1 (colour scale, milliseconds); e, f, T2 (colour scale,
milliseconds); c and e are from the first 12 s that has no motion, d and f are from
entire 15 s that includes the motion.
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about the material, tissue or pathology of interest. Because there is no
a priori requirement on the shape of the signal evolution curves, there
are more degrees of freedom in designing an MRF acquisition, where
parameters such as repetition time, echo time, radio frequency pulses
and sampling trajectories (among others) can be varied together to
produce the simultaneous sensitivity to numerous tissue properties.
The ability to analyse oscillating signals in MRF also provides the
opportunity to use larger fractions of the available magnetization than
methods that rely on a steady-state signal, which is a significant factor
contributing to the higher efficiency in MRF. In addition, the oscil-
latory signal in MRF allows one to sample more informative points
along a longer signal evolution as compared to conventional methods
which always reach a steady state level after some finite amount of

time. Specifically, our initial results here demonstrate that the effi-
ciency of MRF is approximately 1.8 times higher than the DESPOT
methods, which were previously the most efficient methods for the
measurement of relaxation parameters. Thus the direct prediction of
the oscillating, incoherent signal evolutions through the Bloch simu-
lation provides us the potential to obtain new quantitative informa-
tion that is impractical today because of the prohibitively long scan
times required, especially in biological samples and patients.

As demonstrated by the results shown here, MRF has the potential
to significantly reduce the effects of errors during acquisition through
its basis in pattern recognition. Acquisition errors may globally
reduce the probability of a match of an observed signal to any given
fingerprint, but as long as the errors do not cause another fingerprint
to become the most likely match, the correct quantitative identifica-
tion will still be made. Ideally, the sequence pattern will be designed so
that the various fingerprints from different tissues and materials are as
independent as possible, thus ensuring this robustness against motion
and other practical errors.

Commercial magnetic resonance scanners include methods to
minimize the effects of unavoidable system imperfections. However,
these inaccuracies are becoming increasingly important as mag-
netic resonance technology is pushed to its limits, such as the use
of very high magnetic fields or physically larger systems. MRF pro-
vides a route to model and account for system imperfections, such
as inhomogeneities in both the static magnetic field (B0) and the

Table 1 | In vivo data
T1 (ms) T2 (ms)

White matter (this work) 685 6 33 65 6 4
White matter (previously reported) 608–756 54–81
Grey matter (this work) 1,180 6 104 97 6 5.9
Grey matter (previously reported) 998–1,304 78–98
Cerebrospinal fluid (this work) 4,880 6 379 550 6 251
Cerebrospinal fluid (previously reported) 4,103–5,400 1,800–2.460

Shown are comparisons of MRF results and reference values29–32 in different brain regions.
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Figure 3 | MRF results from highly undersampled data. a, An image at the
5th repetition time out of 1,000 was reconstructed from only one spiral readout,
demonstrating the significant errors from undersampling. b, One example of
acquired single evolution and its match to the dictionary. Note the significant
interference resulting from the undersampling. a.u., arbitrary units. c–f, The
reconstructed parameter maps show a near complete rejection of these errors
based solely on the incoherence between the underlying MRF signals and the
undersampling errors; c, T1 (colour scale, milliseconds); d, off-resonance
frequency (colour scale, hertz); e, T2 (colour scale, milliseconds); and f, proton
density (M0) (normalized colour scale). These data required 12.3 s to acquire.

0

50

100

150

200

250

300

0

500

1,000

1,500

2,000

2,500

3,000

a b

c d

e f

Figure 4 | Demonstration of error tolerance in the presence of motion.
a, b, Reconstructed images acquired at the 12th second (a) and at the 15th
second (b) demonstrate the large shift in the head position. c–f, The resulting
MRF maps are nearly identical, demonstrating a rejection of both
undersampling and motion errors that are uncorrelated with the expected
signal evolution. c, d, T1 (colour scale, milliseconds); e, f, T2 (colour scale,
milliseconds); c and e are from the first 12 s that has no motion, d and f are from
entire 15 s that includes the motion.
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hele MRI scan van de hersenen binnen 1 minuut

MRI fingerprinting



Xu, Jones, Yadav, Van Zijl et al. John’s Hopkins University

suiker als contrastmiddel



glucoCEST MRI

Johns Hopkins University of Medicine



Kunstmatige intelligentie



overleving > 15 jaar overleving ± 8 jaar

±80% nauwkeurigheid van voorspelling door de computer

Computer-gestuurde diagnose



Radiomics

overexpressie EGFRopregulatie VEGF



Virtuele 
pathologie



Samenvatting 

• CT scan versus MRI scan
• MRI scan meest toegepast: veel detail en onschadelijk
• CT scan voor spoedsituaties en aantonen van kalk.

• Perfusie MRI
–meet de doorbloeding van weefsel
– onderscheidt tussen tumor en bestralingseffect, niet met 100% zekerheid.

• functionele MRI (fMRI)
– afbeelding van functioneel belangrijke hersenschors
– uitvoeren van een taak tijdens het scannen
– niet altijd nodig en niet overal beschikbaar.



Toekomstige ontwikkelingen 

• verbeteren van comfort, sneller scannen
• andere of zelfs geen contrastmiddelen
• kunstmatige intelligentie:

Øautomatische aflijning/meting van de tumor
Øvoorspellen van het type tumor.
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