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Computer tomography
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CT safety

Contrast (iodinated) 
• Contrast reaction 

➡ anaphylactic reaction 1 in 10.000 
➡ 1 in 100.000 to 1 in 1.000.000 will die 

• Medical issues 
➡ Acute renal failure 
➡ Lactic acidosis in diabetics  
➡ (stop metformin 48 hours before scanning) 

Radiation 
• Gray > absorbed dose (joule/kg) 
• Sievert > dose equivalent  
• Relative exposure 

➡ CRX=0.1mSv 
➡ head CT = 2mSv 
➡ chest CT = 8mSv 
➡ abdominal and pelvic CT = 20 mSv 

• 1CRX appoximate the same risk: 
➡ watching TV for a year 
➡ 1 transatlantic flight 
➡ 2 days living in Denver



Magnetic resonance imaging (T1 and T2)



MRI safety
The magnet is always ON!!!

24 hours/day

7 days/week

365 day/year

Even at Christmas

www.mrisafety.com

http://www.mrisafety.com


Ischaemic stroke

Early signs of ischaemia on CT 
• Hyperdense media sign 
• loss of grey-white matter differentiation 
• Hypoattenuation of the lentiform nucleus 
• gyral effacement 
• insular ribbon

Ischaemia on DWI 
• No oxygen > No ATP 
• Na/K pump dysfunctional > intracellular oedema 
• Restricted diffusion within minutes



Brain perfusion in stroke



Perfusion imaging 

MTT=CBV/CBF



Doppler ultrasound of cerebral vessles



Intracerebral bleeding

Haemorrhage on CT 
• Hyperdense  
• Mass effect 
• Perifocal oedema

Haemorrhage on MRI 
• Susceptibility weighted imaging (signal loss) 
• hemoglobin degradation products disturb magnetic field  



Inflammation

Multiple sclerosis 
• T2 hyperintense lesion  
• T1 hypointense -> black hole 
• BBB disruption -> enhancement 
• Dawson fingers

Infection 
• meningitis 
• encephalitis 
• abscess  

- ring enhancement,  
- oedema,  
- restricted diff.

Leptomeningitis: arachnoid Pachymeningitis: dura

Abscess

 Multiple Sclerosis and Demyelinating Diseases

 421
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Figure 10.4 Typical lesions in the cervical cord in multiple sclerosis (MRI T2W sagittal).

Figure 10.5 Typical Lesions in multiple sclerosis: (a) an acute periventricular lesion (MRI T2W); (b) associated gadolinium enhancement (MRI T1W axial).

Fig. 13.7a,b Patterns of CE in active lesions 
of MS: diffuse and ring-shaped types of 
enhancement (a); partial type, semi-ring 
enhancement (b)

Chapter 131040



Tumor
Consider: 

• age of the patient 
• Single vs. multiple 
• Location:  

- extra or intraaxial 
- which compartment 
- midline crossing 

• CT and MRI 
- T1, T2, DWI, MRS 
- enhancement 
- calcification 
- cystic degeneration 

• Effect on surroundings 
- mass effect 
- midline shift 
- cytotoxic oedema  

‣ finger like 
‣ gray/white matter diff maintained 
‣ CT: hypodense 
‣ MR: T2 hyperintens 
‣ No diffusion restriction 

metastases meningioma

GBM
Astrocytoma



PET and SPECT
PET 

• Cyclotron needed  
• result is two gamma photons moving 180 degree 
• F18 (108 min): Fluoro-desoxyglucose (glycolysis) 
• C11 (20 min):  

➡ methionine (amino acid metabolism) 
➡ Pittsburgh compound B (amyloid binding) 
➡ Vesicular monoamine transporter (C11-DTZB) 

• O15 (2 min): water (cerebral perfusion) 

PIB

Healthy AD

FDG

Healthy AD Pick

SPECT 
• No cyclotron needed > cheaper 
• gamma emitting isotopes (99mTc) 
• 99mTc-HMPAO (cerebral blood flow) 
• Dopamine transporter imaging (DAT): 

➡ 123I-β-CIT  
➡ 99mTc-TRODAT 

• D2 dopamine receptor imaging: 
➡ 123I-IBZM 

whoare amyloid negative.20,258,260 Longitudinally, patientswith
PDD/DLB show faster rates of cerebral atrophy than PD patients
without dementia and HC, particularly in regions of the medial
and lateral temporal lobe, as well as occipitotemporal
areas.20,21,203,258,261,262 DTI studies in PDD/DLB demonstrated
reduced white matter integrity in the frontal, temporal, and
parietal lobes, pons, thalamus, precuneus, caudate, corpus cal-
losum, and inferior longitudinal fasciculus.20,128,181,263–267

Some studies again showed greater pathology in DLB than
PDD, with more reduced FA in the bilateral posterior temporal
lobe, posterior cingulate, and bilateral visual association areas in
DLB.176,263 MRS studies in PDD patients have shown reduced
NAA/creatinine and glutamine/glutamate ratios in the posterior
cingulate and bilateral hippocampus.20,268–270 Studies of pa-
tients with PDD/DLB utilizing fMRI techniques demonstrated
reduced activation in the lateral occipitotemporal lobe during
visual motion and in the ventral occipitotemporal lobe during
facematching, but increased activation in the superior temporal
sulcus during the latter task.20,271 Reduced activation in visual
areas was also seen during presentation of a simple visual
motion stimuli.272 Alterations in brain activation during execu-
tive functionparadigms inpatientswithPDD/DLBhavealsobeen
observed, althoughmixedfindings havebeen reported including
increased activation and decreased activation in the prefrontal
cortex during various tasks.252,273 Resting-state functional con-
nectivity studies have also shown changes in brain connectivity

in patients with PDD/DLB, including reduced global and local
cortico-cortical connectivity.181 Other studies have shown al-
tered connectivity of the precuneus,with increased connectivity
of the precuneus with regions of the dorsal attention network
and putamen, but decreased connectivity of the precuneuswith
the DMN and visual cortices.274 ASL and SPECT studies have
shown reduced cortical perfusion in posterior cortical areas in
PDD/DLB patients, including in occipital and temporoparietal
regions.11,129,272,275–277 Hypometabolism has also been re-
ported in FDG PET studies of PDD/DLB patients, particularly in
thebasal ganglia, cerebellum, and frontal, temporal, parietal, and
occipital lobes with relative sparing of metabolism in the
MTL.11,21,128,275,278–280 Furthermore, occipital lobe hypometab-
olism was associated with visual hallucinations in DLB pa-
tients.253 PET studies with amyloid tracers (i.e., [11C]PiB) have
shown positive amyloid binding in !40% of PDD/DLB patients
(50% of DLB, 30% of PDD), with a similar anatomical distribution
to the pattern seen in AD patients.131,260 Reduced dopaminergic
transporter binding in the basal ganglia has also been observed
in PDD/DLB patients, with decreased binding in the caudate,
which is associated with cognitive symptoms, and decreased
binding in the putamen, which is associated with motor symp-
toms (►Fig. 5).21,131,253,258,281,282 Decreased cholinergic neu-
rotransmission has also been seen in patients with PDD/DLB
throughout the cortex, particularly in medial occipital and
posterior cortical regions, which is more severe than changes

Fig. 5 Dopaminergic deficits in Parkinson’s disease (PD) relative to healthy adults. Reduced dopaminergic neurotransmission is observed in
patients with PD relative to healthy adults (“healthy”), particularly in the posterior putamen (arrows). 123I-β-CIT labels the dopamine transporter
(DAT), which is located presynaptically on dopamine-releasing terminals. 11C-DTBZ labels the vesicular monoamine transporter (VMAT) and 18F-
dopa labels amino acid decarboxylase (AADC). Both of these molecules are found in neuron terminals releasing dopamine. Overall, these three
positron emission tomography (PET) tracers provide sensitive measures of the density of neuron terminals releasing dopamine in the striatum.
(Adapted from Brooks et al283)
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whoare amyloid negative.20,258,260 Longitudinally, patientswith
PDD/DLB show faster rates of cerebral atrophy than PD patients
without dementia and HC, particularly in regions of the medial
and lateral temporal lobe, as well as occipitotemporal
areas.20,21,203,258,261,262 DTI studies in PDD/DLB demonstrated
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DLB.176,263 MRS studies in PDD patients have shown reduced
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cingulate and bilateral hippocampus.20,268–270 Studies of pa-
tients with PDD/DLB utilizing fMRI techniques demonstrated
reduced activation in the lateral occipitotemporal lobe during
visual motion and in the ventral occipitotemporal lobe during
facematching, but increased activation in the superior temporal
sulcus during the latter task.20,271 Reduced activation in visual
areas was also seen during presentation of a simple visual
motion stimuli.272 Alterations in brain activation during execu-
tive functionparadigms inpatientswithPDD/DLBhavealsobeen
observed, althoughmixedfindings havebeen reported including
increased activation and decreased activation in the prefrontal
cortex during various tasks.252,273 Resting-state functional con-
nectivity studies have also shown changes in brain connectivity

in patients with PDD/DLB, including reduced global and local
cortico-cortical connectivity.181 Other studies have shown al-
tered connectivity of the precuneus,with increased connectivity
of the precuneus with regions of the dorsal attention network
and putamen, but decreased connectivity of the precuneuswith
the DMN and visual cortices.274 ASL and SPECT studies have
shown reduced cortical perfusion in posterior cortical areas in
PDD/DLB patients, including in occipital and temporoparietal
regions.11,129,272,275–277 Hypometabolism has also been re-
ported in FDG PET studies of PDD/DLB patients, particularly in
thebasal ganglia, cerebellum, and frontal, temporal, parietal, and
occipital lobes with relative sparing of metabolism in the
MTL.11,21,128,275,278–280 Furthermore, occipital lobe hypometab-
olism was associated with visual hallucinations in DLB pa-
tients.253 PET studies with amyloid tracers (i.e., [11C]PiB) have
shown positive amyloid binding in !40% of PDD/DLB patients
(50% of DLB, 30% of PDD), with a similar anatomical distribution
to the pattern seen in AD patients.131,260 Reduced dopaminergic
transporter binding in the basal ganglia has also been observed
in PDD/DLB patients, with decreased binding in the caudate,
which is associated with cognitive symptoms, and decreased
binding in the putamen, which is associated with motor symp-
toms (►Fig. 5).21,131,253,258,281,282 Decreased cholinergic neu-
rotransmission has also been seen in patients with PDD/DLB
throughout the cortex, particularly in medial occipital and
posterior cortical regions, which is more severe than changes

Fig. 5 Dopaminergic deficits in Parkinson’s disease (PD) relative to healthy adults. Reduced dopaminergic neurotransmission is observed in
patients with PD relative to healthy adults (“healthy”), particularly in the posterior putamen (arrows). 123I-β-CIT labels the dopamine transporter
(DAT), which is located presynaptically on dopamine-releasing terminals. 11C-DTBZ labels the vesicular monoamine transporter (VMAT) and 18F-
dopa labels amino acid decarboxylase (AADC). Both of these molecules are found in neuron terminals releasing dopamine. Overall, these three
positron emission tomography (PET) tracers provide sensitive measures of the density of neuron terminals releasing dopamine in the striatum.
(Adapted from Brooks et al283)
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whoare amyloid negative.20,258,260 Longitudinally, patientswith
PDD/DLB show faster rates of cerebral atrophy than PD patients
without dementia and HC, particularly in regions of the medial
and lateral temporal lobe, as well as occipitotemporal
areas.20,21,203,258,261,262 DTI studies in PDD/DLB demonstrated
reduced white matter integrity in the frontal, temporal, and
parietal lobes, pons, thalamus, precuneus, caudate, corpus cal-
losum, and inferior longitudinal fasciculus.20,128,181,263–267

Some studies again showed greater pathology in DLB than
PDD, with more reduced FA in the bilateral posterior temporal
lobe, posterior cingulate, and bilateral visual association areas in
DLB.176,263 MRS studies in PDD patients have shown reduced
NAA/creatinine and glutamine/glutamate ratios in the posterior
cingulate and bilateral hippocampus.20,268–270 Studies of pa-
tients with PDD/DLB utilizing fMRI techniques demonstrated
reduced activation in the lateral occipitotemporal lobe during
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sulcus during the latter task.20,271 Reduced activation in visual
areas was also seen during presentation of a simple visual
motion stimuli.272 Alterations in brain activation during execu-
tive functionparadigms inpatientswithPDD/DLBhavealsobeen
observed, althoughmixedfindings havebeen reported including
increased activation and decreased activation in the prefrontal
cortex during various tasks.252,273 Resting-state functional con-
nectivity studies have also shown changes in brain connectivity
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cortico-cortical connectivity.181 Other studies have shown al-
tered connectivity of the precuneus,with increased connectivity
of the precuneus with regions of the dorsal attention network
and putamen, but decreased connectivity of the precuneuswith
the DMN and visual cortices.274 ASL and SPECT studies have
shown reduced cortical perfusion in posterior cortical areas in
PDD/DLB patients, including in occipital and temporoparietal
regions.11,129,272,275–277 Hypometabolism has also been re-
ported in FDG PET studies of PDD/DLB patients, particularly in
thebasal ganglia, cerebellum, and frontal, temporal, parietal, and
occipital lobes with relative sparing of metabolism in the
MTL.11,21,128,275,278–280 Furthermore, occipital lobe hypometab-
olism was associated with visual hallucinations in DLB pa-
tients.253 PET studies with amyloid tracers (i.e., [11C]PiB) have
shown positive amyloid binding in !40% of PDD/DLB patients
(50% of DLB, 30% of PDD), with a similar anatomical distribution
to the pattern seen in AD patients.131,260 Reduced dopaminergic
transporter binding in the basal ganglia has also been observed
in PDD/DLB patients, with decreased binding in the caudate,
which is associated with cognitive symptoms, and decreased
binding in the putamen, which is associated with motor symp-
toms (►Fig. 5).21,131,253,258,281,282 Decreased cholinergic neu-
rotransmission has also been seen in patients with PDD/DLB
throughout the cortex, particularly in medial occipital and
posterior cortical regions, which is more severe than changes

Fig. 5 Dopaminergic deficits in Parkinson’s disease (PD) relative to healthy adults. Reduced dopaminergic neurotransmission is observed in
patients with PD relative to healthy adults (“healthy”), particularly in the posterior putamen (arrows). 123I-β-CIT labels the dopamine transporter
(DAT), which is located presynaptically on dopamine-releasing terminals. 11C-DTBZ labels the vesicular monoamine transporter (VMAT) and 18F-
dopa labels amino acid decarboxylase (AADC). Both of these molecules are found in neuron terminals releasing dopamine. Overall, these three
positron emission tomography (PET) tracers provide sensitive measures of the density of neuron terminals releasing dopamine in the striatum.
(Adapted from Brooks et al283)
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without dementia and HC, particularly in regions of the medial
and lateral temporal lobe, as well as occipitotemporal
areas.20,21,203,258,261,262 DTI studies in PDD/DLB demonstrated
reduced white matter integrity in the frontal, temporal, and
parietal lobes, pons, thalamus, precuneus, caudate, corpus cal-
losum, and inferior longitudinal fasciculus.20,128,181,263–267

Some studies again showed greater pathology in DLB than
PDD, with more reduced FA in the bilateral posterior temporal
lobe, posterior cingulate, and bilateral visual association areas in
DLB.176,263 MRS studies in PDD patients have shown reduced
NAA/creatinine and glutamine/glutamate ratios in the posterior
cingulate and bilateral hippocampus.20,268–270 Studies of pa-
tients with PDD/DLB utilizing fMRI techniques demonstrated
reduced activation in the lateral occipitotemporal lobe during
visual motion and in the ventral occipitotemporal lobe during
facematching, but increased activation in the superior temporal
sulcus during the latter task.20,271 Reduced activation in visual
areas was also seen during presentation of a simple visual
motion stimuli.272 Alterations in brain activation during execu-
tive functionparadigms inpatientswithPDD/DLBhavealsobeen
observed, althoughmixedfindings havebeen reported including
increased activation and decreased activation in the prefrontal
cortex during various tasks.252,273 Resting-state functional con-
nectivity studies have also shown changes in brain connectivity

in patients with PDD/DLB, including reduced global and local
cortico-cortical connectivity.181 Other studies have shown al-
tered connectivity of the precuneus,with increased connectivity
of the precuneus with regions of the dorsal attention network
and putamen, but decreased connectivity of the precuneuswith
the DMN and visual cortices.274 ASL and SPECT studies have
shown reduced cortical perfusion in posterior cortical areas in
PDD/DLB patients, including in occipital and temporoparietal
regions.11,129,272,275–277 Hypometabolism has also been re-
ported in FDG PET studies of PDD/DLB patients, particularly in
thebasal ganglia, cerebellum, and frontal, temporal, parietal, and
occipital lobes with relative sparing of metabolism in the
MTL.11,21,128,275,278–280 Furthermore, occipital lobe hypometab-
olism was associated with visual hallucinations in DLB pa-
tients.253 PET studies with amyloid tracers (i.e., [11C]PiB) have
shown positive amyloid binding in !40% of PDD/DLB patients
(50% of DLB, 30% of PDD), with a similar anatomical distribution
to the pattern seen in AD patients.131,260 Reduced dopaminergic
transporter binding in the basal ganglia has also been observed
in PDD/DLB patients, with decreased binding in the caudate,
which is associated with cognitive symptoms, and decreased
binding in the putamen, which is associated with motor symp-
toms (►Fig. 5).21,131,253,258,281,282 Decreased cholinergic neu-
rotransmission has also been seen in patients with PDD/DLB
throughout the cortex, particularly in medial occipital and
posterior cortical regions, which is more severe than changes

Fig. 5 Dopaminergic deficits in Parkinson’s disease (PD) relative to healthy adults. Reduced dopaminergic neurotransmission is observed in
patients with PD relative to healthy adults (“healthy”), particularly in the posterior putamen (arrows). 123I-β-CIT labels the dopamine transporter
(DAT), which is located presynaptically on dopamine-releasing terminals. 11C-DTBZ labels the vesicular monoamine transporter (VMAT) and 18F-
dopa labels amino acid decarboxylase (AADC). Both of these molecules are found in neuron terminals releasing dopamine. Overall, these three
positron emission tomography (PET) tracers provide sensitive measures of the density of neuron terminals releasing dopamine in the striatum.
(Adapted from Brooks et al283)
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Healthy HealthyPD PD

DAT VMAT2

This postictal switch occurs about 60 seconds after the sei-
zure termination. When tracer injection is performed in the
first 100 seconds after the end of the seizure, there is still a
hyperperfusion present in more than 60% of patients,
whereas hypoperfusion can be found in all patients when the
tracer is injected later than 100 seconds after seizure termi-
nation.23 In patients with TLE, early postictal SPECT had a
sensitivity of 75% in localizing the seizure onset zone.18 Ac-
cording to McNally and colleagues, postictal SPECT with
injections performed soon after seizures is very poor at local-
izing a single region based on either perfusion increases or
decreases, often because changes were similar in multiple
brain regions.13 An example of a localizing postictal SPECT
image with SISCOM analysis is shown in Figure 3.

Supplementary information by coregistration of ictal
SPECT, SISCOM, and MRI can be gained by multimodal
automated registration, because these different imaging mo-
dalities provide complementary information, resulting from
the specific strengths of each modality.24 An example of mul-
timodality imaging in the presurgical workup of a patient can
be seen in Figure 4.

Interictal Glucose
Metabolism Imaging With FDG-PET
Brain glucose metabolism, as a measure of neural activity, can
be studied with FDG-PET scanning. FDG, because it is glu-
cose analog, is taken up into the cells and is phosphorylated
by hexokinase. Unlike glucose, FDG cannot be further me-

tabolized and accumulates in the cell, thereby representing
the regional metabolic rate of glucose consumption (rCMR-
glu) of the tissue.

Methodology
FDG-PET usually is evaluated visually. In addition, a pix-
el-wise comparison of the patient’s image to an age-
matched reference database can be performed in an auto-
mated way and provides an objective evaluation of the
changes in glucose metabolism with a reduction in ob-
server variability. Such an automated analysis is especially
useful in patients with extratemporal epilepsy.25 In pa-
tients with TLE, automated quantification of the maximal
metabolic asymmetry in the temporal lobes has been re-
ported to enhance predictive accuracy for seizure-free
postsurgical outcomes.26

Absolute glucose metabolism measures in patients with
epilepsy can identify global reductions in metabolism of
around 10-30% as the result of antiepileptic drugs.27,28

Quantitative FDG-PET studies are time-consuming, require
arterial sampling, and are usually only performed in a re-
search setting. However, quantitative FDG-PET studies may
be possible in a clinical setting using the simplified kinetic
method described by Hunter and colleagues.29 In this
method, a single venous blood sample to determine the blood
glucose level and blood 18F-FDG activity at the moment of PET
scanning is sufficient to calculate the absolute brain glucose
metabolism.

Figure 2 Ictal SPECT and interictal FDG-PET in focal cortical dysplasia. (A) FLAIR showed a focal dysplastic lesion in
the right temporal lobe (red cross). (B and C) SISCOM showed a cluster of hyperperfusion of complex configuration in
the right temporal and frontal lobe, partially overlapping the focal dysplastic lesion. The ictal SPECT injection was given
during a complex partial seizure that lasted 178 seconds, with initiation of the injection 50 seconds after seizure onset.
Taking all the data of the presurgical evaluation into consideration, our interpretation of the SISCOM was that the ictal
onset zone was in the focal dysplastic lesion with propagation toward the ipsilateral anterior temporal and frontal lobe.
(D) FDG-PET showed asymmetric temporal lobe hypometabolism, which was more pronounced on the left. This result
was consistent with memory impairment for both verbal and visual material, and illustrates that FDG-PET hypome-
tabolism may be useful in the delineation of the functional deficit zone. Patient underwent epilepsy surgery, and the
focal dysplastic lesion was removed. Anatomopathological examination confirmed the presence of focal cortical
dysplasia without balloon cells. All images (A-D) were coregistered.
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